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The soft coral, Asterospiaularia randatli,^ Is a new marine species 
in the family of Asterospiculariidae of the order Alcyonacea. It is 
common around Guam Is. in shallow water (0-7 m in depth) and occurs as 
colonies with densities up to 24 colonies per m^. Asterospiaularia ran- 
dalli is beige to light pink, with paler colony bases and is usually at­
tached to solid coral rock substrata, but many are scattered over long 
upright skeletons of dead Aaropora formosa. These colonies are under 4 
cm tall and most of them have bases under 5 cm in diameter. Astero- 
spiaularia randalli has a low (5-20 mm) sterile base which gives rise to 
less than 50 short stalks. Each of these stalks contains a capitulum 
with 50-100 polyps. These polyps are monomorphic and highly contractile 
(1.5 mm in height and 1 mm in diameter excluding tentacles).
Soft corals have afforded many unusual and potentially useful di- 
terpenoids.^ The majority of these diterpenoids are derivatives of the 
cembrene^’^ group. Schmitz et al. first isolated a diterpenoid, xenicin 
(1)^ (from Xenia elongata) which has a nine-membered carbocyclic ring 
condensed to a dihydropyran ring to give an 2-oxabicyclo [7.4.0] tride­
cane system. Since that time, many other xenicins,^ (differing in their
2
functional groups), xeniolides,^»^ and the closely related xeniaphyl- 
lanes^’̂  have been Isolated from different Xenia species (%. maopospiau- 
lata, X. obsauronata and X, novaebritanniae). Other representatives of 
this group have been isolated from other soft corals species {Nephthea 
and Aloyoniwn spp.),®’® and from a gorgonian^^ as well.
Recently, Coll et al. have reported the isolation of a modified 
tricyclic xenicin, iQ, from X. viridis.^^ Another closely related 
diterpene, alcyonolide (31), was isolated from the Okinawan soft coral 
of the genus Aloyoniwn,^
Xenicins are not exclusive to soft corals. Coraxeniolides (34-3Z) 
and corabohcin (38) were isolated by Scheuer's g r o u p f r o m  the Hawiian 
Pink coral, Coralliiwi so. Finer et al. isolated a cyclononane diterpene, 
dictyodial (32),"“ from the brora algae Diotyota orenulata, and D. 
flabellata, and the closely related dictyolactone (33)^^ from the sea 
hare Aplysia depilans (Opisthobranchia).
In a recent papter,^^ Burns et al. have reported the isolation of a 
new diterpene carbocyclic ring skeleton (related to xenicin) from an Ef- 
flatounaria sp of soft coral for which structure 32 was determined.
Diterpenoids related to xenicins which have been isolated from soft 
corals and other marine organisms are displayed in Figure 1.
The soft coral Asterospiaularia randalli, a close relative to 
Xenia, seems to have received no previous chemical attention. It was the 
purpose of this work to investigate the chemistry of this new species in 
the search for biologically active compounds. This research resulted in 
the isolation of a new steroid, the known carotenoid pigment, peridinin, 
and 26 diterpenoid compounds. These diterpenoids fall into 7 groups:
C D  xenicins; (2) xenialactols; (3) xeniolide-A and its derivatives; (4) 
asteroxeniolide-A and its derivatives; (5) xeniolide-B and its deriva­
tives; (6) asterospicins; and (7) asterospiculins. Twenty out of the 26 



















Figure 1. Diternenoids .delated to Xenicins.
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39 Efflatounaria sp. 14
Results and Discussion
The soft coral, Asterospiaulavia randaZli, used in this investi­
gation was collected at two different times from Guam Is. at depths of 
3-4 ft. The first collection was in May 1979 and the second in April 
1983. Both collections of soft corals were shipped frozen to Oklahoma. 
The animals from the first collection were allowed to thaw at room tem­
perature for 24 h, soaked in 95% EtOH for a period of 2 days, filtered 
using cheesecloth, then extracted with MeOH-CHCL^ (1:1), and filtered 
again. The resulting solutions from both extractions tJere combined and 
f-actioned according to Scheme 1. The CHCL^ extract (fraction F) and 
CCL^ extract (fraction D) were chromatographed extensively according to 
Scheme 2 to afford eight pure compounds which are described individually 
below. The second collection was processed using nearly the same proce­
dure as for the first collection (see Scheme 3 for extraction. Scheme 4 
for separation). Scheme 4 shows the separation sequence for this second 
CHClg extract (fraction F ' ) to yield 20 pure compounds which are de­
scribed individually below. Chart 1 displayed the structures of the 
isolated compounds and their derivatives which will be discussed in this 
chapter.
Identification of 13-Spi-9-0-deacerylxenicin (g):
The fourteenth fraction of scheme 4 was chromatographed by HPLC
with silica gel to give 9 fractions. The fourth of these fractions was
resolved by a reverse-phase HPLC column with MeOH-H2Û (7:3) as eluent to
11
12
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yield 2 fractions. The second fraction contained a new compound, astero- 
spiculin (6 ^)* The first fraction contained 42 mg of 13-epi-9-0-deace- 
tylxenicin (3) as a colorless oil. The molecular formula (9
unsaturations) was obtained for ^ from the following spectral data: (a)
the low resolution mass spectrum of 3  displayed the molecular ion at 
476; (b) the NMR spectrum (see Figure 2) showed signals for 35 non­
exchangeable protons; (c) IR (OH) at 3450 and acetate(s) at 1735 cm~^; 
(d) the NMR spectra (see Figure 3) indicated the existence of 26
carbons including an acetylated hemiacetal carbon, 91.63 ppm (C-1, d), a 
carbon deshielded by a hydroxyl group,* 67.64 ppm (C-9, d), two other 
carbons each deshielded by an acetate group,* 74.87 ppm (C-12, d) and 
59.93 (C-13, d). The and ffi-IS. data (see Tables 1 and 2) of 3 were 
identical to those of 13-epi-9-0-deacetylxenicin isolated earlier by 
Braekman and Tursch.*^ However, Tursch did not fully assign the NMR 
spectrum of 13-epi-9-0-deacetylxenicin, and Kashman° was not certain 
about the assignments of two NMR signals in 13-epi-9-0-deacetyl-
xenicin. For these reasons we performed ^H difference decoupling,
^H and heteronuclear correlated 2-D NMR (HETCOR)^^ expe­
riments and we fully established the %  and NMR assignments in 3
(see Figures 4 and 5).
Structure elucidation of 13-Epi-9-0-deacetyl-7,8-dihydro-7a,8a- 
epozyxenicln (4fl):
Silica gel chromatography of fraction F' (see Scheme 4) yielded 25 
fractions. Further chromatography of fraction 14 by HPLC gave 9 frac-
*assignments are made by analogy to other compounds in this series.
Table 1  ̂H NMR Data of Xenloins
1 2 4Q 41
H - Î 5.8 3  d 5 .0 5 d 5 .9 2  d 5. 8 9 d
1 . 8 1. 8 2 . 6 3
H-3 6 . 5 5  d 6 . 4 8 d 6 . 5 2  d 6 .5 2 d
2 . 5 2.1 1.5 1 . 9
H-Xa 2 . 1 5  b r  d 2^23 b r  d 2 . 4 0  b r  d 2 .4 2
9 . 6 9 . 6 9 . 5 9 . 8
H-5 1 .XO a 1 .5 0 ■ 1. 5 7  a 1.6 0
H - 5 ' 1 .5 3  a 1. 5 5 2 . 0 8  a 2 .1 3 a
I I -6 2 . 2 - 2 . 2 9  a 2 . 1 5 ■ 2 . 1 9  d t 2.21 d t
1 3 . 5 ( 3 . 5 1 3 . 2 ( 3 . 3
H-6» 2 . 2 - 2 . 2 9  a 2.01 1 . 2 5  ddd 1.25 ddd
1 3 . 5 ( 1 2 . 3 ( 3 . 5 1 3 . 2 ( 1 2 . 4 ( 4
U-8 5. 2 1  b r  d 5.2 3 b r  d 3 . 0  dd 3. 1 4 d
8 . x 7 . 3 8 .5 ( 1 8 . 7
H-9 5 .6 6  b r  dd 4.71 3 . 7 9  ddd 4.81 ddd
8 . X i 6 . 3 7 . 3 1 6 . 3 8 . 5 ( 7 . 2 ( 2 . 6 8 . 7 ( 6 . 3 ( 3
H-10 2 . 3 5  b r  dd 2 . 3 2 2 * 4 2  b r  dd 2 .3 8
U . 7 H . 2 1 3 . 9 ( 1 . 3 1 4 . 5 ( 2 . 6 1 4 . 6 ( 3
H . 1 0 ' 2 .5 5  b r  dd 2 .5 2 2 . 6 4  ddd 2 .6 8 b r  dd
U . 7 j 6 . 3 1 3 . 9 ( 6 . 3 1 4 . 5 ( 7 . 2 ( 2 1 4 . 6 ( 6 . 7
H - m 1 .8 4 b r  a 2 . 3 2  d t 2 .3 3 b r  t
2 . 2 ( 2 . 6 3
H-12 5 .3 6  d 5.31 5 . 3 0  dd 5. 2 8 d
9 6 . 8 6 . 2 ( 1 . 5 6
H - t 3 5 .7 6  dd 5 .6 8 dd 5 . 6 9  dd 5. 6 9
1 0 .5 1 9 9 . 3 ( 6 . 6 9 . 3 ( 6 . 2 9 . 3 ( 6
> I - U 5. 0 3  b r  d 5.12 5 . 1 5  d ae p t 5. 1 7
1 0 . 5 9 . 3 ( 1 . 3 9 . 3 ( 1 . 5 9 . 3 ( 1 . 4
1 .6X b r  a 1 .72 d 1 . 7 3  d 1. 75 d
1. 3 1.5 1 . 4
1 .7 2  b r  a 1. 73 d 1 . 7 4  d 1. 7 5 d
1. 3 1. 5 1. 4
Ho- « 1 .7 0  b r  a 1 .63 b r  g 1 . 3 5  a 1. 3 9
H-19 i . 7 8  b r  a 4. 8 4 b r  a 4 . 9 8  b r  a 5. 0 2  b r  0
4 . 9 2  b r  a 4. 9 5 b r  a 5 . 1 5  b r  a 5. 1 3 b r  a
OAc 2.01 8 ( 2 . 0 3  2a 1. 9 9 8 ( 2 . 0 1  a 2 . 0  8 (2 . 0 1  8( 2.0 3 8 ( 2 . 0 4  a
2 . 0 7  a 2 .0 5 a 2 . 0 6  a 2 .0 7 8 ( 2 . 1 2  8
■'•Spectra were recorded in CDCl^ a.t 300 MHz with 
TMS as internal standard. The values are given 
in S units. Assignments were established by 'H 
difference decoupling (DDS) experiments.
Table 2 . NMR Data of Xenicins^
1 ^b 4Q 4 1
c -1 9 1 . 7  d 9 1 .6 3  d 9 1 , 1 9  d 9 0 . 8 7  d
C-3 1 4 2 .6  d 14 1.8 4 d 1 4 2. 10  d 141 .9 3 d
C-4 1 1 3 .5  a 1 1 3 .5 0  8 113.61 a 113.61 a
37.1 d 36 .6 3 d 3 6 .7 0  d 3 6 . 6 7  d
0:5" 3 0 .5  t 3 0 .4 8  t 3 0 .0  t 2 9 . 6 9  t
3 9 . 9  t 3 9 .5 2  t 3 9 .5 7 t 3 9 . 6 7  t
G-7 1 3 4 .3  a 1 3 2. 99  8 5 9 . 4 8  a 5 9 .1 5  a
C-8 1 2 6 ,2  d 1 3 0. 97  d 6 6 .8 3  d 6 3 .3 1 d
C-9 7 0 . 6  d 6 7 .6 4  d 6 9 . 0  d 7 1 . 6 6  d
C-10 4 2 . 9  t 4 6 .2 8  t 4 3 .5 3  t 4 1 .0 4  t
C-11 1 4 6. 5 8 1 4 7 .2 8  a 144.81 8 1 4 3 .9 6  8
C - I U 4 9 . 6  d 4 9 . 3 8  d 4 8 .6 9  d 4 8 . 5  d
C-12 7 6 . 4  d 7 4 . 8 7  d 7 4 . 5 3  d 7 4 . 4 5  d
C-13 6 9 . 8  d 6 9 .9 3  d 7 0 .1 3  d 7 0 . 0 6  d
C-14 1 1 9. 6 d 1 1 9. 52  d 1 1 9 .1 4  d 1 1 8 .6 9  d
C-15 1 4 0. 7 8 140 .1 5 8 1 4 0. 42  a 1 4 0 .3 6  a
C-16 18 .9  q 18.61 q 18 .6 5  q 1 8 .6 5  q
C-17 2 5 . 6  q 2 5 .8 5  q 2 5 .9 0  q 2 5 . 4 0  q
C-18 1 7 .5  q 1 7 .7 8  q 17 .6 4  q 17 .2  q 
1 1 7 .1 2  tC-19 116.1 t 115 .1 2 t 116.61 t
OAe 16 9.5  3# 170.1 a . 1 6 9. 42 a, 17 0.5 5 a.
1 6 8 .8  a 16 9. 86  a. 1 6 9. 94 a 17 0. 15  2 :
2 1 . 0  4q 16 9.5 4 a.  
2 0 .9 7  q ,
169 .8 5 a.  
2 1 .1 9  q .
1 6 9 ,6 5  0 , 
2 0 . 4 3  q .
2 1 .1 7  q ,  
2 1 .2 3  q
2 1 .1 2  q .  
2 0 . 9 5  q
2 0 . 6 4  q ,
2 0 . 6 8  2q
Spectra were recorded in CDCl^ at 
75.x MHz. Multiplicities were o b ­
tained by DEPT and assignments 
were made by comparison to 13-epi-9- 
0-deacetylxenieln . ( 3 ) . ^Assignments 
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Figure 2 . 300 MHz proton HMR. spectrum of l3-epi-9-0-deacetylxenicin
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C NMR spectrum of
( 2 ) in C D C l y  (b) all protonatecl car-
Fig 3 , (a) 75.4 MHz broadband H decoupled 
13-epi-9-0-deacetylxenicxn
bons, (c) methine carbons, (d) methylene carbons, (e) methyl 
carbons. Spectra b-e were recorded in CDCL^ at 75.4- MHz and result­




















Figure i. Contour plot of the homonuclear correlated 2-D H 
NMR spectrum of 13-epi-9-0-deacetylxenicln ( 2 ) in GDCl^ at 300 
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Fi" 5 .Contour plot of the lietoronuclear coi'i'oln bed 2-D spectrum of 13-epi-9-0-deacetyl- 




cions. Repeated purification of the most polar fraction by HPLC led to 
the isolation, in trace quantities, of an oil, 13-epi-9-0-deaceCy1-7,8- 
dihydro-7a,8u-epoxyxenicin (4Û)» 3.7 mg, +25.68° (c 0.37, CHCL3 ).
The molecular formula (9 unsaturations) was established from
the following spectral data: (a) an ion in the high resolution mass
spectrum which corresponds to M^-59 was observed at 433.2259 which is in 
agreement for the formula (calculated 433.2226); (b) NMR (35
non-exchangeable protons); (c) IR (OH); (d) NMR [26 carbons with an 
acetylated hemiacetal carbon, a carbon deshielded by a single oxygen 
(OH), two carbons deshielded by an oxygen (an epoxide), and 3 acetate 
carbons]. The IR spectrum of 40 exhibited a broad hydroxyl band at 3500 
cm  ̂ and a carbonyl band at 1735 cm~^ indicative of acetate group(s). 
Analysis of the NÎ-1S spectra of 40 (Figure 6) revealed the existence
of six methyl groups, three sp^ methylenes and one exocyclic methylene, 
nine methines, and four quaternary carbons, in addition to the three 
acetate carbonyl carbons.
Analysis of the ^H and NMR spectra (Figures 6 , 7, and 8 ) of 60 
suggested the presence of three double bonds (^C=CH 2 , — CH=ClZZ 
—  C=CH— ) , an epoxide (— C(l-— ^C-— ), three acetate groups, an acetal, 
and a secondary hydroxyl group (see Tables 1 and 2). The presence of 
the latter moiety was unequivocally confirmed by acétylation, which 
yielded the expected 9-acetate, 61, (H-9 shifts from 3.79 to 4.81
ppm). Comparison of the ^H and NMR data of 40 with the data of



























13,Figure g,, (a) 73.4 MHz broadband proton decoupled C NMR spectrum of 
4 Q in CDClj. (b) all protonated carbons, (c) methine carbons, (d)methylene 
carbons, (e) methyl carbons. Spectra b-e were recorded at 75.4 MHz in CDCl^ 


































Figure 8 . Contour plot of the homocorrelated two-dimensional proton NMR
20spectrum (symmetrized ) of AO inCDCl^at 300 MHz. The final s(F^,F^) 
matrix plot consisted of 512 X 512 data points. Off-diagonal contour 
establish direct proton spin-coupling connectivities.
30
indicated the bicyclic skeleton of 6 Û to be identical with that of 13- 
epi-9-O-deacetylxenicin except that compound ^  possesses an epoxide 
group at C-7,8.
The proposed structure of was confirmed by double irradiation 
experiments which established all carbon-carbon connectivities. The 
assignments were accomplished by difference decoupling spectroscopy 
(DOS) and homonuclear correlated two-dimensional (COSY) (Figure 8 ) 
experiments.
The geometry of the epoxide group at C-7,8 was assigned as trans, 
on the basis of NOE results (irradiation of Me-18 enhanced H-9) (see 
Table 3). Since the and ^^C NMR data of 60 were very close to that 
of 13-epi-9— 0-deacetyIxenicin except as noted, we proposed that 40 pos­
sesses the sane stereochemistry at C-1, C-lla, C-4a, C-12, C-13, and C- 
9. NOE experiment results, see Table 3, support these assignments.
Identification of Xenialactol (g):
The CHCLg fraction, fraction F' , was chromatographed over silica 
gel. Elution with hexane-acetone (1:1) yielded a brown oily material. 
Addition of a mixture of hexane-acetone (7:3) to the brown oily material 
caused a light yellow solid ( 1 1 0  mg) to precipitate, but all attempts to 
crystallize this solid failld. It was identified as xenialactol (8 ).*  ̂
The molecular formula C2qH2 qO^ ( 6  unsaturations) of 8, was obtained from 
the following spectral data: (a) the low resolution mass spectrum ex­
hibited a peak at 316 (M^-HgO); (b) NMR (27 non-exchangable protons 
and 3 exchangeable protons); (c) ^^C NMR (20 carbons including a hemi- 
acetal carbon 99.92 ppm (C-1, d) and an allylie* carbon deshielded by a
31
Table 3 . Results of a nuclear Overhauser enhancement diffei'- 
cnce spectroscopy ( KOEDS exper iment with 40 in CDCl^ solution.
Proton irradiated, Proton (s) % Enhancement
chem shift, ppm enhanced
H-3, 6.52 H-12, 5.30 17
H-1, 5.92 H-lla, 2.32 k
H-10, 2.12 2
H-13, 5.69 H-12, 5.30 13
H-14, 5.15 15
H-12, 5.30 H-3, 6.52 19
H - 1 3 ,  5 .6 9  5
H-8, 3.0 H-4a, 2.10 18
Ne-18, 1.35 H-9, 3.79
H-lla, 2.32
Q
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6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5
Fi(;ure 9 . 300 MHz proton NMR spectrum of xenialactol in CDCl^.
2.0 1.5 PPM
T a b l e  U  . NMR D a t a  o f  X o n i ;
If
i - l a c t o l s
4i 4 2 44 45 4 §
c-1 99.92 d 100.74 99 .8 0  d 100.10 d 100.10 d 97.24 d
i)-3 69.76 t 65.21 t 6 9 . 7 6  I 6 9 .2 3  t 6 9 . 2 2  t 6 9 . 3 0  1.
i: - /, 139.4/. 3 139.97 n 13 9 . 3 1  3 1 38. 50 B 138.52 0 137.03 n
(./ — /) 0. /./. .08 d 52.3 d 44.35 d 43.60 d 43  . 73 43.19 d
G-5 3 5 . 5 5  t 36.88 t 3 5 .3 8  1. 34.21 t 3 4 .1 7  t 34.22 t
G-6 40.22 t 40.07 t. 40.33 1. 4 0.38 t 40.43 t 40.24 t
G-7 1 3 2 .9 9  8 133.17 a 134.0 5 59 .0 3  a 59.60 H 58.90 .1
G-8 130.46 d 130.23 d 1 2 5 . 9 6  d 67.02 d 67.05 d 63.35 d
0 -9 67,56 d 67.67 d 70.66 d 68.96 d 68.90 d 71.99 d
C-10 46.86 t 46.88 t 4 3 .6 9  5 45.18 t 4 5 . 1 9 42.81 t,
C-11 151.05 0 150.74 n 1 5 0 . 5 6  n 149.02 a 149.17 0 146.71 f!
C -11 (1 57.61 d 57.93 d 57 .2 9  d 56.03 d 56.07 d 52 .9 6  d
G-12 122.11 d 122.49 d 1 2.2 .17  .1 1 22 .58  d 123.0 d 1 2 3 .9 2  d
C-13 120.81 d 121.49 d 1 20 .74  d 120.40 d 122.69 d 120.10 d
C-1A 142.37 d 141.50 d 1 4 2 . 4 3  d 1 4 2 . 9 2  d 140.6 d 1 4 3 . 5 9  d
C-15 70.88 3 71 .0 3 7 0 . 9 7  3 70.87 3 74.83 70.89 B
C-1 6 29.99 q 29.89 q 3 0 . 0  q 29.96 q 25.96 q 30.0 q
C-17 29.91 q 29.90 q 3 0 . 0  q 29.90 q 25.87 q 29.97 q
C-18 17.61 q 1 7 .7 4  q 17.57 q 17.73 q 17.38 q 17.41 q
C-19
OAc
112.35 t 1 12 .43  t. 113.14 I.
170.6(1 3 
2 1 .4 5  q
113.76 I 113.59 t. 115.86 t 
170.45 q. 21 q 
170.2 21.3 q
-"-Spectra were recorded in CDCl^ at 75.A MHz. Multiplicities were obtained by DEPT and 
assignments were made by comparison to xenialactol (8 ). ^Assignments were establish­
ed by a heterocorrelated 2-D experiment.
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4 2 M 4 5
4.61 br d 4 . 6 5 dd 4*67 br d .5.55 d
0 . 2 7.8(4.5 7.4 8.7
4.31 br d 4 . 3 1 br d 4.33 br d 4.42 br d
13.7 13.8 13.9 13.9
4.69 dd 4 . 7 1 dd 4.73 br d 4.73 br d
13.711.3 13.8(1.5 13.9 13.9
2.89 br -d 2 . 9 1 br d 2.91 br d 2.98 br d
10.5 10.5 10.5 10.51 . 5 3 1.59 1.61 br dt 1.60 hr dt
13.5(3.5 14(3.5 14(3.6 14(3.5
1.95 tdd 2 .  0 2 tdd 2.05 dddd 2.04 tdd
13.5(10.5(3.7 14(10.5(3.5 14(13.3(10.5(3.6 14(10.5(3.5
2.15-•2 . 2 2  >a 1 . 2 2 br td 1 . 2 2  br td 1.28 br td
14(3.5 13.3(3.6 14(3.5
2.15-■ 2 . 2 2  Ü 2 . 2 4 dt 2.26 dt 2 . 3 0 dt
14(3.5 13.3(3;6 14(3.5
5.31 br d 2 . 9 9 d 3 . 0  d 3.17 d
7.8 0 8 . 2 7
5.68 br dd 3.01 br t 3.84 br dd 4.85 br t
7.8(7 8 8 .2(7.3 7
2.43 br d 2.40 br dd 2.50 br d 2 . 4 8 br d
14.3 14.3(1.5 14.3 13.9
2 . 6 0 br dd 2 . 6 6 br dd 2.69 br dd 2 . 6 8 br dd
14.3(7 14.3(8 14.3(7.3 13.9(71 .72 dt 2 . 0 0 br d 2 . 1 1  br dt 2.09 br d
8 .2 (1 . 8 7.8 7.4(1.7 8.7
5.05 br d 5 . 0 5 br dd 5,89 br dd 5.95 br d
1 0 , 8 10.8(1.5 10.5(1.4 10.5
6.44 dd 6 . 3 4 dd 6 . 2 6  dd 6 . 3 8 dd
15.5(10.8 15.2(10.8 15.4(10.5 15.7(10.55.83 d 5 . 0 3 d 5.69 d 5.90 d
15.5 15.2 15.4 15.71.36 1 . 3 2 1.28 a 1.38 0
1 . 3 6 H I . 3 2 1,28 a 1 . 3 8 B
1,81 hr 0 1 . 4 7 1.49 a 1 . 5 2 a
4.78 br 0 4 . 0 6 4.87 br 8 4.75 br a
4.92 br 0 5 . 1 2 br 0 5.13 br a 4.93 br a
2 . 1 0 0 2.08 a ( 2.16 a
‘Spectra were recorded in CDCI at 300 MHz with
are given :.n 
experiments.
g units. Assignments were establi
Me, Si as internal standard. The values 
1ihed .by H difference decoupling (DDS)
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secondary hydroxyl* group 67.56 ppm (C-9, d) and a tertiary carbon de­
shielded by a tertiary hydroxyl* group 70.88 ppm (C-15, s); (d) IE. (OE). 
The and NMR (see Tables 4 and 5) data of 8 were identical to
those of xenialactol which was isolated^ by Kashman and Groweiss. How­
ever, Kashman reported that the chemical shift of the H-9 signal in 
xenialactol occurred at 4.85 ppm as a multiplet. Our 300 MHz %  NMR 
analysis of g established the chemical shift of H-9 signal to be at 4.75 
ppm as a broad triplet in which the H-19 signal was superimposed (see 
Table 4 and Figure 9).
Structure elucidation of Isozenialactol (^):
Silica gel chromatography of fraction F' (see Scheme 4) yielded 25 
fractions. The most polar fraction was purified by HPLC and gave a 
minute amount (0.9 mg) of compound 42, a white powder. The molecular 
formula C2QH2 0 ^ 4 unsaturations) was deduced for ^  from the following 
data: (a) low resolution mass spectrum (M^ 334 and 3 consecutive losses
of HgO); (b) ^H NMR (27 non-exchangeable protons); (c) NMR (20
carbons with 3 carbons deshielded by a single oxygen [71.01 ppm (C-15, 
s), 67.67 (C-9, d), 65.21 (C-3, t)J and one by two oxygens [100.74 ppm 
(C-1, d)]. The ^^C NMR spectra (Figure 10) revealed the existence of 3 
methyls, 4 sp^ methylene and one exocyclic terminal methylene, 4 sp^ 
methines and 4 sp^ methines, and 4 quarternary carbons. The IR spectrum 
of 42 exhibited a broad hydroxyl band at 3450 cm
*assignments were made by analogy to the known compounds reported in the 
literature.
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Comparison of %  and NMR spectra (Figures 11 and 10) of com­
pound 42 with the data of previously isolated xenialactol ^ (§) showed 
close resemblance, except for some minor differences in and NMR 
spectra associated with the side chain. This strongly indicated that 42 
and xenialactol are stereoisomeric with regard to their side chain geom­
etry. The stereochemistry of the side chain in xenialactol was estab­
lished as E,E on the basis of coupling constants and an NOE effect 
between H-4a and H-13. In xenialactol, the olefinic proton signals for 
H-12 (5.82 ppm) and H-14 (5.83 ppm) were very close. However, in com­
pound 42 H-12 and H-14 appeared at 5.89 ppm and 5.75, respectively. 
Moreover, H-13 in compound 42 appears at 6.22 ppm while in xenialactol 
it appears at 6.42 ppm. This suggested that these differences in the 
chemical shifts are due to a different geometry for the diene side 
chain. Furthermore, the protons giving rise in compound (42) to the AB 
pattern at 4.58 ppm (H-3) and 4.80 (H-3') are presumably deshielded by 
the diene moiety, whereas in xenialactol H-3 and H-3' were observed at a 
higher field (4.30 and 4.68 ppm, respectively). However, H-4a in com­
pound 42 was observed at a higher field (by 0.5 ppm) than H-4a in 
xenialactol (see Table 4). This indicated that the geometry of the 
trisubstituted double bond in 42 is most probably Z. This was 
confirmed further by comparing (see Table 5) NMR chemical shifts of 
C-4a observed for the isomeric pair xeniolide-A (Z) and isoxeniolide-A^^ 
(11) with those of xenialactol and 42. Finally, the Z geometry of 
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Figure 10. (a) 75.4 MHz broadband H decoupled C NMR spectrum of ^  in CDCl, 
(b) all protonated carbons, (c) methine carbons, (d) methylena carbons, (e) 
methyl carbons. Spectra b-e were recorded at 75.4 MHz in CDCl and resulted 
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Figure 300 MHz H HMR spectrum of Isoxenialactol (4^) iu CDCI,
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The remaining sterochemical features in 62 were judged Co be iden­
tical to those proposed for xenialactol on the basis of the following 
similarities in NMR data for the two compounds (Tables 4 and 5). The E 
geometry for double bond in 42 was assigned according to the
chemical shift of Me-18 appearing at 17-18 ppm (rather than at 22-25 for 
the Z configuration).^^ Since the chemical shifts of H-9 and C-9 in 
compound 62 and in xenialactol were identical, the stereochemistry at C- 
9 in 62 is assumed to be the same as in xenialactol. The trans configu­
ration is assigned to the ring fusion in 42 on the basis of the similar­
ities of the coupling constants (Jjja - 2 Hz) observed for 42 and 
xenialactol. The relative stereochemistry of the hydroxyl group at C-1 
in 62 was assigned as g as in xenialactol, because the coupling constant 
(J1 = 8 Hz) was almost identical in xenialactol and in 42. All of
the above evidence supports structure 62 for which we propose the name 
isoxenialactol.
Xenialactol 9—Acetate (43);
The CHCIg extract of Scheme 4 was chromatographed over silica gel. 
One of the fractions eluted with hexane-acetone (6:4) was rechromato­
graphed by HPLC to give 5 mg of xenialactol 9-acetate (43) as a
colorless oil. The molecular formula ^22^32^5 unsaturations) was 
obtained from the following spectral data: (a) the highest mass peak in
the low resolution mass spectrum was detected at 376; (b) the NMR 
spectrum (Figure 13) exhibited 26 non-exchangeable protons; (c) the 
NMR spectra (Figure 12) contained 22 peaks including one for a hemiace-
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F i g u r e  12.. (a) 75.4 MHz broadband proton decoupled ' C NMR 
spectrum of 42 in C D C l ^ . (b) all protonated carbons.
(c) methine carbons, (d) methylene carbons, (e) methyl 
carbons. Spectra b-e were recorded at 75.4 MHz in CDCl^ 
and resulted from a DEPT experiment.
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Figure 13. 300 MHz prot o n  NMR s p ectrum of xenialactol 9-acetate (A3) in CDCl.
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single oxygen, 70.66 ppm (C-9, d) and 70.94 ppm (C-15, s) and an acetate 
carbonyl carbon, 170.68 ppm (o-^— CH^, s); (d) IR absorptions at 3440 
(OH) and 1730 cm  ̂ (acetate group). The ^^C NMR (DEPT) spectra (Figure 
12) indicated the presence of 4 methyls, 4 sp^ methylenes and one exo­
cyclic terminal methylene, 4 sp^ methines and 4 sp^ methines, and 4
quarternary carbons, in addition to the carbonyl (CHg-E-O) mentioned 
above. The NMR spectrum (Figure 13) of 43 was almost identical to 
that of xenialactol^ (see Table 4) except for the existence of an addi­
tional acetate methyl group signal at 2 . 1  ppm and a downfield shift of 
the H-9 signal from 4.76 to 5.68 ppm. Moreover, the ^^C NMR spectrum of 
42 contained two additional carbon signals at 21.45 (q) and 170.68 ppm 
(s) which corresponded to an acetate group. It was concluded that com­
pound 42 was Che xenialactol 9-acetate. The stereochemical features of 
42 are assumed to be identical to those proposed for xenialactol, 
because the NMR chemical shifts and coupling constants and NMR
(see Table 5) data were nearly identical for the two compounds (42 and 
xenialactol (8 )) except as noted.
Structure elucidation of 7,8-^)ihydro-7a,8a-epoxyxenialactol (44):
The CHCLo fraction, fraction F of Scheme 3, was chromatographed 
over a silica gel column using hexane-acetone (9:1) and increasing the 
amount of acetone. Elution with 1:1 hexane-acetone yielded a fraction 
which was further chromatographed by HPLC to give 8 fractions. Fraction 
8 was rechromatographed by HPLC to give a minute amount of 7,3-dihydro- 
7a,8a-epoxyxenialactol (44) as a white powder. The molecular ion of 44 
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Figure 14-. (a) 75.4 MHz broadband proton decoupled C NMR
spectrum of 44 in ctCl,. (b) all protonated carbons, (c) 
methine carbons, (d) mithylene carbons, (e) methyl carbons. 
Spectra b-e were recorded at 75.4'MHz in CDCl and resulted 
from a DIPT experiment.
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corresponding to 18 was observed at 332.19594 which is in agreement 
with the formula C2 gH2 gO^ (calculated 332.19876). Consideration of both 
the low resolution (M^ 350) and high resolution mass spectrometry data 
established the formula of 44 to be C 2QHggOg ( 6 unsaturations). Analysis 
of the NMR spectra of 44 (Figure 14) indicated Che presence of three 
methyl groups, four methylenes and one exocyclic terminal methylene, 
five methines, and four quarternary carbons. The UV spectrum of 44 
exhibited a band at 241 nm indicative of a conjugated diene system. 
Analysis of the and NMR (Figures 15 and 14) and IR spectra of 44
suggested the existence of three double bonds (_^C=CH-CH=CH-,^C“CH2 ),
/  .Mean epoxide (-CH----C-—  ), a hemiacetal, and a secondary OH group (see
Tables 4 and 5). The latter two moieties were confirmed by acétylation 
which gave the expected 1,9-diacetate, 46.
The NMR spectral properties of compound 44 (see Tables 4 and 5) are 
very similar to Chose of xenialactol (|), isolated^ by Kashman and 
Groweiss, except that the signals for C-7,8, and Me-18 are missing 
and instead there are^^C signals appropriate for a 7,8-epoxide bearing 
the 18-meChyl (C— 18). The multiplicities and assignments of 44 were 
accomplished by ^H decoupling and difference decoupling spectroscopy 
(DDS) experiments and these confirm all of the skeletal connectivities 
presumed by the spectral analogy with xenialactol.
The proposed structure of 44 also received support from NOE expe­
riments (Table 6 ). The trans geometry of the epoxide at C-7,8 was es­
tablished by NOE (irradiation of Me-18 enhanced H-9 and no NOE was ob­
served between Me-18 and H-8 ). The E geometry at Che double bond
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Table 6 . Results of a nuclear Overhauser enhancement differ­
ence spectroscopy (NOEDS) experiment with 44 in CDCl^-
Proton irradiated, Proton (s) % Enhancement
chem shift, ppm enhanced
H-13, 6.34 H- Jf.3. , 2.91 9
H-3, 4.31 H-12, 5.85 6
H-3 ', 4.71 16
H -4a, 2,91 H-1 , 4.65 7
H-13, 6.34 9
H-19, 4.85 5
Me-18, 1 .47 H-9, 3.81 14









Figure I 6 . Possible Mass Spectral Fragmentation Pathways for 44
47
4a) (see Table 6 ). The relative stereochemistry at C-1, C-4a, C-lla, C-
8 , and C-9 were established by NOE (see Table 6 ), independent of the 
methods used for xenialactol and related compounds. Upon irradiation of 
H-4a, 4 proton signals (H-13, H-1, H-19 , and H-8 ) were enhanced (see 
Table 6 ). This suggested that these protons are all on the a-face. The 
lack of any NOE between H-4a and H-lla and the observation of NOE (see 
Table 6 ) between Me-18, H-9, and H-lla suggested that Me-18, H-9, and H- 
1la are on the 0-face. The mass spectra data of 44 were consistent with 
the proposed structure (see Figure 16).
Identification of Seniolide-A (%):
The CHClg extract, fraction F' of Scheme 3 was chromatographed over 
a column of silica gel. Elution with hexane-acetone (1:1) gave a brown 
oily fraction. The oily material (fraction 22 of Scheme 4) was resolved 
by HPLC to yield 4 fractions. The second fraction contained a pure
yellow oil which was identified as xeniolide-A (2). The molecular
formula C2 QH2gO^ (7 unsaturations) was deduced from the following
data: (a) the low resolution mass spectrum exhibited a peak at 314
which was assigned to M^-H2 0 ; (b) the ^H NMR spectrum contained 26 non­
exchangeable protons; (c) ^^C NMR spectra showed signals for 20 carbons 
including a carbonyl carbon (171.38 ppm, C-3, s); and 3 carbons that 
were each deshielded by a single oxygen 71.0 ppm (C-15, s), 67.4 ppm (C-
9, d), 71.05 ppm (C-3, t); (d) IR absorptions at 3450 cm  ̂(OH) and at
1712 (conjugated carbonyl group). The and ̂ ^C NMR data (see Figure
17 and Tables 7 and 8 ) of Z were identical to those of xeniolide-A
isolated earlier by Kashman and Growiess.^ However, Kashman reported
Table 7 . Proton MMR Data of Xeniolide-A and its Derivatives
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5 . 0 9  br a
5 . 2 9  br 8
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4 . 1 3  dd
11:4(5.3
3 . 6 4  t 
1 1 . 4














2 . 4 2  br dt
11.4(5.3 
6.97 br d 
11.5





1.3 6 0 
1.42 0 
5 . 0 9  br a 
5 . 2 4  br 8 
2,12 8
'"Spectra were recorded in cDCl at 300 Hlla wii.h He, Si as internal standard. The values
3 1are given in 6 units. Assignments were e .st.abl ished by H difference decoupling (DDS)
experiments.
T a b l e 8 . N M R  D a t a  o f X . e n i o l  i d e - A  a n d  i t s D e r i v a t i v e s
2 4 2 4 § 4 2 5 g nC//
C- 1 70.99 t. 70.94 t 71.0 3 t, 70.91 t 71.02 t 71.74 5
c-3 171 .38 3 171.28 3 171.27 3 170.65 3 170.29 3 170.10 3
C-/. 133.11 a 1 3 3 . 2 0  3 132.35 3 133.18 3 1 3 2 . 0 6  3 131 .87 3
.C-,'a /.2.S8 d 43.48 d 42.25 d 4 2 . 7 4  d 4 1 . 5 2  d 4 0 . 4  6 d
G-3 38.0 t 34.45 t 31.79 I 37.93 t 3 6 . 3 9  t 36.37 1.
G-6 40.16 t 38.04 t 3 6 . 3 1 t 4 0 . 2 5  L 39.78 t 39.76 t
G-7 133.11 a 1 3 5 . 4 0  a 58.98 3 1 3 3 . 2 3 a 59.08 3 58.38 3
G-H 130.59 d 1 2 4 . 6 4  d 62.64 d 1 3 0 . 4 5  d 6 7 . 2 7  d 63.81 d
C-9 67.40 d 2 4 . 9 3  t 2 5 . 4 2  t 6 7 . 5 2  d 69.07 d 69.44 d
G-10 44.97 t 40.36 t 39.69 1. 44.86 t, 4 2 . 0  t 4 2 . 1 4  t
G-11 1 4 7 . 5 6  3 151 .85 3 148.83 3 147.28 3 1 4 4 . 5 7  3 1 4 4 .4 4 3
C-lla 49.59 d 49.44 d 49.10 d 49.77 d 4 9 . 6 9  d 47.82 d
C-12 1 3 6 . 1 4  d 1 3 5 . 7 4  d 137.23 d 136.0 d 1 3 7 . 5 7  d 1 3 7 . 4 7  d
G-13 119.68 d 119.76 d 119.63 d 121.02 d 119.55 d 119.41 d
C-1/» 1 5 0 . 7 1 d 1 5 0 . 4 0  d 151.26 d 14,6.96 d 151.52 d 1 5 1 . 5 5  d
C-1 5 71.14 3 71 .17 3 71.67 3 79.82 n 71.02 3 6 9 . 9 6  3
C-16 29.82 q 29.84 q 29.80 q 26.58 q 29.78 q 29.89 q
C-17 29.87 q 29.84 q 29.85 q 26.78 q 29.82 q 29.89 q
G-10 1 7 . 4 6  q 1 6 . 4 6  q 16.73 q 17.55 q 17.74 q 17.63 q
C-19
OAc
1 1 5 . 4 1 t 113.56 t 115.81 t. 1 1 5 . 6 4 1. 
169.85 3
2 2 . 1 4  q
117.76 t 118.09 1. 
170.0 3 
2 1 . 2 5  q
■'Spectra were recorded 
are given in <S units, 
by comparison to other
in cnClg at 75.4 HH-/, with TMS as
Multiplicities were obtained by 
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Figure 17. 300 MHz proton NMR spectrum of xeniolide-A (2) in CDCl^
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that the chemical shifts of the C-14 and C-12 signals in xeniolide-A 
were at 136.5 and 151.1 ppm, respectively. Our 75.4 MHz NMR investiga­
tion using single-frequency on-resonance decoupling experiments estab­
lished that the chemical shifts of C-14 and C-12 signals were at 150.71 
and 136.14 ppm, respectively. Therefore, compound Z is xeniolide-A.
Structure elucidation of 9-Deozyxeaiolide-A (^):
Silica gel chromatography of fraction F' of Scheme 3 yielded 25 
fractions. One of the fractions eluted with hexane-acetone (7:3) (frac­
tion 10) was rechromatographed by HPLC using silica gel and hexane- 
acetone (88:12) as eluent to give 5 fractions. Further purification of 
the fifth fraction led to the isolation, in trace amounts, of 9- 
deoxyxeniolide-A (4Z) in ca, 8 8 % purity. The molecular formula C^QÜ^gO? 
(7 unsaturations) was deduced from the following spectral data: (a) IR
3440 (OH) and 1712 cm  ̂ (conjugated carbonyl group); (b) the ^^C NMR 
spectra (Figure 18) showed signals for 20 carbons: 3 methyls, 6 methyl­
enes , 6 methines, and 4 quaternary carbons and a carbonyl carbon (equals 
27 H). Two of these carbons were each deshielded by a single oxygen, 
70.94 ppm (C-1, t) and 71.17 (C-15, s). Analysis of the ^H and ^^C NMR 
data together with the IR data of 4Z suggested the existence of 4 double 
bonds (— CH=CH-CH=CCT> CHgNlCT » — CH=C^e), a conjugated carbonyl group, 
C-3 [171.28 ppm (s)] , a tertiary hydroxyl group, C-15 [71.17 ppm (s)J. 
The ^^C NMR spectra (Figure 18) of 6 Z are identical to those of 
xeniolide-A^ (Z) except for the presence of an additional methylene 
group signal at 24.93 ppm, which was assigned to C-9, and the absence of 
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Figure 18. (a) 75.4 MHz broadband proton decoupled 
NMR spectrum of 42 in CDCl^ . (b) all protonated carbons, 
(c) methine carbons, (d) methylene carbons, (e) methyl 
carbons. Spectra b-e were recorded at 75.4 MHz in CDCl^ 
and resulted from a DEPT experiment.
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carbon in xeniolide-A. Additionally, the NMR spectrum of 4Z lacks
the allylic methine proton signal at 4.78 ppm due to H-9 in xeniolide-A. 
The vinylic proton signal at 5.44 ppm (H-8 ) in was coupled vicinally 
to the methylene proton signals at 2.10 (H-9) and 2.46 ppm (H-9'). These 
data support the conclusion that 42 is the 9-deoxy analog of xeniolide-A 
(2).
The E configuration of the C-4,12 double bond in 42 was established 
by the correlation of the ^H and NMR data (see Tables 7 and 8 ) for 
42 and those proposed for xeniolide-A. The E configuration for ^  was 
assigned on the basis of the NMR chemical shift of Me-18 appearing 
at 16.46 ppm (instead of 22-25 for the Z configuration). The trans con­
figuration of the ring fusion in 42 was assigned on the basis of the 
similarities of the coupling constants 4 ^ = 5.5 Hz) and * '̂ C NMR
chemical shift signals of C-4a and C-lla observed for 42 and xeniolide- 
A. Thus, the structure 42 is confirmed for 9-deoxyxeniolide-A (42).
Structure elucidation of 9—Deoxy— 7,8—dlhydro-7 a,8 a-epoxyxenlollde-A
m y -
Silica gel chromatography of the fraction F' of Scheme 3 afforded 
25 fractions. Further chromatography by HPLC of fraction 14 gave 9 
fractions, the sixth of which was subjected to HPLC using a reverse- 
phase Cjg column to yield, in trace quantities (1 mg), 9-deoxy-7,8- 
dihydro-7a,8a-epoxyxeniolide-A (48) as a colorless oil; +3° (c.
0.1 CHCLg). The high resolution mass spectrum of 48 established a 
molecular formula of CggHggO^ (7 unsaturations). Analysis of the ^^C 
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■"izure 19. 300 MHz Droton NMR spectrum of 48 in CDCl.
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methylenes and one exocyclic terminal methylene, 6 methines, and 5 qua­
ternary carbons. Analysis of the and NMR data together with the 
UV (267 nm) and IR (see Experimental) data indicated the presence of 3 
double bonds (— CH=CH-CH=, CH2 “CCT), a conjugated carbonyl, an epoxide 
( —  ), and a tertiary hydroxyl^ group, [C-15, 71.0 ppm (s)].
The latter moiety was supported by the loss of one molecule of water in 
the mass spectrum (m/z 314 [M"*" - H 2 0 )J. Comparison of the and NMR 
data (see Figure 19 and Tables 7 and 8 ) of ^3 with the data of 9- 
deoxyxeniolide-A (&Z) showed close resemblance except that ^ 8 exhibited 
signals corresponding to an epoxide group at C-7,8 [H-8 , 3.02 ppm (dd) 
and H-18 (CHg), 1.36 (s)J. Therefore, it was concluded that 48 has the 
same skeleton and functionality as 9-deoxyxeniolide-A except for the 
7,8-epoxide. The E configuration of the 7,8-epoxide group was assigned 
on the basis of the NMR chemical shift similarities observed for 43 
and 7,8-dihydro-7a,8a-epoxyxeniolide-A. (Me-18 signal in 48 was ob­
served at 16.73 ppm and Me-18 signal in 7,8-dihydro-7a,8a-epoxyxenio- 
lide-A (50) at 17.74 ppm). The E configuration of the C-4,12 double 
bond in 48 was established by an NOE experiment (irradiation of H-13 
enhanced H-4a). The E configuration of the C-13,14 double bond was as­
signed on the basis of the magnitude of the coupling constant observed 
(Jf3 22, - 15 Hz). The trans ring fusion was assigned by comparing the 
coupling constants (Jj^a 4a ~  ̂ Hz) and the NMR chemical shifts of
C-4a and C-lla for 48 and 7,8-dihydro-7a,8a-epoxyxeniolide-A (50) (see 
Tables 7 and 8).
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Structure elucidation of 15-Dehydroxy-15-acetyldioxyxeniolide-A (42):
The CHCLg extract, fraction F' , of Scheme 3 was chromatographed
over silica gel. One of the fractions eluted with hexane-acetone (7:3)
was rechromatographed by HPLC to give 1.7 mg of 15-dehydroxy-15-acetyl-
25dioxyxeniolide-A (42) as a colorless oil; la]jj -12.9° (c. 0.17 CHCL^); 
UV (EtOH) 265 nm (e = 14500). The molecular formula 022^300^ ( 8
unsaturations) was established from the following spectral data: (a)
the highest mass peak in the field desorption spectrum was found at 390 
which corresponded to the molecular ion; (b) the NMR spectrum (Figure 
21) exhibited 29 non-exchangeable proton signals; (c) the IR spectrum 
showed a hydroxyl band at 3440 cm  ̂ and two carbonyl bands at 1730 and 
1712 cm (d) NMR spectra (Figure 20) indicated the presence of 22
carbons with an allylic carbon deshielded by a secondary hydroxyl group 
67.52 ppm (C-9, d), a carbon deshielded by an oxygen of a lactone group 
70.91 ppm (C-1, t), a tertiary carbon deshielded by a peroxide group
79.82 ppm (C-15, s),^^ and two carbonyl carbons 169.85 ppm (s) and
170.65 ppm (s). The NMR spectra of 42 (Figure 20) indicated the
existence of 4 methyls, 4 sp^ methylenes and one exocyclic terminal 
methylene, 3 sp^ methines and 4 sp^ methines, 4 quaternary carbons and a 
carbonyl carbon. The NMR spectrum of 42 (Figure 21) was nearly 
identical to that of xeniolide-A^ (Z) except for the presence of an 
additional acetate methyl signal at 2.02 ppm, a shift in the H-13 signal 
to 6.36 from 6.52 ppm, and a shift of the two methyls at C-15 to 1.57 
and 1.58 ppm from 1.39 ppm. Hence, a structure like xeniolide-A^ could 
be postulated with a minor difference in the side chain. The ^^C NMR 
spectrum of 42 was also very similar to that of xeniolide-A (2) except
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for the two extra carbon signals due to the acetate group and a shift in 
the C-IA, C-15, C-16, and C-17 signals to 146,96, 79.82, 26.78, and 
26.58 ppm, respectively. These shifts were attributed to the presence 
of a peroxide groups at C-15 ( 8  effect). The peroxyacetyl group was 
postulated because of the loss of a AcOO-fragment and the absence of the 
loss of AcOH in the low resolution mass spectrum (M^-AcOO, 315). Conse­
quently, the acetyl group was fixed to the peroxide group. Because the 
H-13 and H-14 signals overlapped in CDCLg (see Figure 21), the spectrum 
of 42 was also obtained in C^D^ (see Figure 22) and decoupling and 
difference decoupling were performed in both solvents (CDCL^ and C^D^) 
to establish the carbon connectivity in 42* A homocorrelated 2-D (COSY) 
experiment was performed in CCCI.3 which shows direct proton spin- 
coupling connectivities (see Figure 23).
The stereochemical features of 49 were established by NOE expe­
riments (see Table 9). The E configuration of the C-7,8 double bond was 
assigned on the basis of the NOE observed between Me-18 and H-9 and the 
lack of any NOE between Me-18 and H-8 . The stereochemistry of the diene 
at C-4,12,13,14 was confirmed as E,E, on the basis of the magnitude of 
the coupling constant 14~^^ Hz and of the observation of an NOE
effect between H-4a and H-13. The trans ring fusion was assigned on the 
basis of the correlations of the coupling constants (J^^^ 4a ~ ^ Hz) and 
the ^^C NMR chemical shifts of C-lla and C-4a (see Tables 7 and 8 ) ob­
served for 42 and xeniolide-A (2) . The observation of NOE effects 
between Me-18, H-lla, and H-9 led to the conclusion that H-9, H-lla, and 
Me-18 are on the same face (g face). Irradiation of H-4a gave rise to 
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Figure 20. (a) 75.4 MHz broadband proton decoupled 
NMR spectrum of 42 in CDCl^• (b) all protonated 
carbons, (c) methins carbons, (d) methylene carbons, 
(e) methyl carbons. Spectra b-e ivere recorded at75.4 
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Figure 23- Contour plot of the homocorrelated 2-D proton 
NMR spectrum of 42 in CDCl^ at 300 MHz. Off-diagonal peaks 
establish direct proton spin-coupling connectivities.
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Table 9. Recuit of KOE exoerimeuta with 49 in C^D, solution at
= =  0 0
300 MHz.
Proton (s) Proton (s) % Enha:
irradiated enhanced
H-13 H-4a 16
H-1 6 1 .5
H-1 7 1 .5
H-9 Me-18 3








that H-4a and H- 8  are on the same face (a face). Thus, the structure of 
49 is completely elucidated.
Structure elucidation of 7,8-Dlhydro-7a,8a-epoxyemloUde-A (^):
Silica gel chromatography of the CHCIg extract of Scheme 1 gave 9 
fractions. Fractions 8 and 9 were combined and rechromatographed over 
silica gel to afford 7 fractions. The fifth of these fractions was sub­
jected to HPLC to produce pure 7,8-dihydro-7a,8a-epoxyxeniolide-A (âS), 
7 mg, as a white powder; +22.1° (c. 0.19 CHCLj). The high resolu­
tion mass spectrum established a molecular formula of ^ 2 0 8 2 3 0  ̂ (7 unsat- 
urations). The NMR spectra (Figure 24) of 50 indicated the presence 
of 3 methyls, 4 sp^ methylenes and one exocyclic terminal methylene, 4 
sp^ methines and 3 sp“ machines, and 3 quaternary carbons, in addition 
to a carbonyl carbon. The IR spectrum or 5Ü exhibited a broad hydroxyl 
band at 3440 cm  ̂ and a band at 1712 cm  ̂which was assigned to a conju­
gated carbonyl group. The latter moiety was supported by the UV band at 
268 nm.
Analysis of results from ^H difference decoupling (DOS) experi­
ments, COSY spectrum, and ^^C NMR data of 50 (see Figure 2  and Tables 7 
and 8 ) suggested the existence of 3 double bonds ( — CH=CH-CHCZ , 
CH2 = C d  ), an epoxide moiety (— C Ï L ^ ^ ^  ), a tertiary hydroxyl group 
71.02 ppm (C-15, s), and a secondary hydroxyl group 69.07 ppm (C-9, d). 
The latter group was confirmed by acétylation of 50 to give 51 in which 
Che H-9 signal was shifted from 3.79 ppm to 5.79. Comparison of the 'H 
and ^^C NMR spectral data (Figures 2  and 24 and Tables 7 and 8) of 50
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with the data of the known lactone xeniolide-A^ (%) indicated that 4Q is 
the 7 ,'8-dihydro-7a:, 8(2-epoxide of xeniolide-A ( 7) •
The proton NMR data (see Table 7) of were similar to that of 
xeniolide-A (%) except that the H-8 , H-9, and H-B signals in ^  
appeared at 3.01 ppm, 3.79, and 1.39, respectively (see Figure 26). 
Moreover, two signals in the NMR spectrum of 50 were suitable for an 
epoxide group [59.08 ppm (C-7, s) and 67.27 (C-8 , d)].
The carbon connectivity In âS was confirmed by ^H decoupling, ^H 
difference decoupling (DOS), and a homocorrelated 2-D NMR spectrum 
(COSY). Figure 26 shows the contour plot of the COSY spectrum which 
contains off-diagonal peaks that establish direct proton spin-coupling 
connectivities.
The stereochemical features of 50 were confirmed by NOE experiments 
(see Table 10). The trans geometry of the epoxide group at C-7,8 was 
assigned by an NOE experiment (irradiation of the Me-18 signal enhanced 
both H-9 and H-lla signals). The stereochemistry of the diene side 
chain at C-4 was assigned as E,E, on the basis of the value of the cou­
pling constant (J^g 1 4 - 15 Hz) and of the observation of Overhauser 
enhancements between H-4a and H-13. The trans assignment of the ring 
junction was established on the basis of the similarities of the cou­
pling constants 4a ~ ^ Hz) and of the ^^C NMR chemical shift
signals of C-4a and C-lla observed for 50 and xeniolide-A (I) (see 













1  ‘ I ! 1 1  1  I  I I I  I i  i  I 1
170 „ 80 20 PPM
Figure 24. 7 5 . 4  MHz broadband H decoupled G NMR spectrum ofrx i c; \cij I j  • iJr i-m u u uuaiiu n u u ± u u nnr-  u  u ci
50 in CDCl . (b) ail protonated carbons, (c) methine carbons, (d] 
methylene carbons, (ej methyl carbons. Spectra b-e were recorded 
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Figure 26. Contour plot of the homocorrelated two-dimensional H 
NMR spectrum (symmetrized) of ^0 in CDCI at 300 MHz. The final 
S(Fg,F-) matrix plot consisted“ôf 512 X ^512 data points. Off- 
diagonal contours establish direct proton spin-coupling connect- 
tivities.
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Table 10. Results of NOEDS experiment with |0 in CDCl^ at 
300 MHz.
Proton(s) irradiated Proton (s) % Enhancement
enhanced
H-13 H-ia 12
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Structure elucidation of 18-HydrozyasterozenloUde-Â 9-Acetate (52’): 
The CHCL^ fraction, fraction F ' of Scheme 3, was chromatographed 
over silica gel. The material was eluted using a step gradient begin­
ning with hexane-acetone (9:1) and then increasing the amount of ace­
tone. Two of Che fractions eluted with (1:1) hexane-acetone (fractions 
23, 24) were purified by HPLC to yield compound 32 as a light yellow 
oil. The molecular ion (M^ 390) of 32 was observed in the low 
resolution mass spectrum. However, in the high resolution mass spectrum 
the highest mass peak corresponded to M^-18 (372.19585) which Is consis­
tent with the formula C2 2H2 8 O5 (calculated 372.19368). Consideration of 
both low and high resolution mass spectrometry data established the 
formula for ^  to be C 9 2H3 0 O0 ( 8  unsaturations). The NMR spectra of 
52 (Figure 27) revealed the existence of 3 methyl groups, 6 methylenes, 
7 methines, and 6 quaternary carbons. The IR spectrum of 52 exhibited a 
broad hydroxyl band at 3440 cm"^ and two carbonyl bands. The first band 
was at 1735 cm~^ (acetate) and the second band was at 1715 cm~^ and was 
assigned to an n,g-unsaturated 6 lactone. The latter moiety was sup­
ported by the UV absorption at 217 nm.
Analysis of ^H and  ̂ NMR spectra (Figures 28 and 27) of 52
^Me
indicated the presence of four double bonds (^C=CH 2 ,— C H = C ^  ^ CH=C^,
Me
—  CH=Cd), an acetate, and a,6-unsaturated carbonyl group, a doubly 
allylic secondary hydroxyl, and a primary allylic hydroxyl group. The 
%  NMR signals due to the 2° and 1° alcohol groups were paramagnetically 
shifted as e:rpected when 52 was acetylated to give the diacetate 53 (H- 
13 shifts from 5.20 ppm to 6.15 and H-B from 4.08 ppm to 4,61 and H-18' 
from 4.32 ppm to 4.65).
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In the NMR spectrum of 52, the resonance at 116.73 ppm (C-19, 
t) together with the IR band at 890 cm” ,̂ suggested a terminal methylene 
group. Irradiation of the proton resonance at 5.13 ppm (H-19) (Figure 
29a) sharpened the broad resonance at 5.07 ppm (H-19') and caused re­
moval of small allylic couplings (J = 1.3, 1, 1 Hz) from the resonances 
at 2.16 ppm (H-lla), 2.46 (H-10'), and 2.48 (H-10), respectively. This 
suggested that (H-10), (H-10'), and (H-lla) were allylic to the terminal 
methylene protons.
Irradiation of either of the vinylic methyls at 1.76 ppm or 1.73, 
sharpened the broad doublet at 5.30 ppm (H-14). This suggested that 
these methyls (Me-16 and Me-17) were vinylic and also geminal. The de­
shielded proton signal at 6.39 ppm (H-12) was found by a difference 
decoupling experiment (DOS) (Figures 29b and 29c) to couple vicinally (J 
= 7.8 Hz) to the proton dd at 5.20 ppm (K-13) and allylically (J = 1.5 
Hz) to the signal at 3.02 ppm (H-4a) (see Table 13). The doubled doub­
let at 5.20 ppm (H-13 was also coupled vicinally (J = 9.1 Hz) to the 
doubled septet at 5.30 (H-14). These interactions established partial 
structure A of this molecule.
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An AMX pattern was found (DDS experiments) between the proton res­
onances at 6 4.09 (H-1), 3.64 (H-1'), and 2.14 (H-lla). The X part (H- 
1 la) was coupled vicinally (J = 3.9 Hz) to the proton resonance at 3.02 
ppm (H-4 a) and also allylically to the exocyclic methylene proton res­
onances at 5.13 ppm (H-19) and 5.07 (H-19' ), establishing the expanded 
partial structure B.
B
An ASX system was found between the proton resonances at 2.48 ppm 
(H-10), 2.46 (H-10'), and 5.82 (H-9). The AB part of the A2X pattern 
was found to couple allylically to the terminal methylene proton res­
onances at 5.13 ppm (H-19) and 5.07 (H-19'). The X part (H-9) of this 
ABX pattern was coupled vicinally (J = 8 . 8  Hz) to the olefinic proton 
resonance at 5.31 ppm (H-8 ) which was partially obscured by the proton 
signal of H-14. To unequivocally establish the multiplicities of these 
two protons (H-14 and H-8 ) as well as the other protons, a homonuclear 
two-dimensional J-resolved (2DJ)^^ experiment (Figure 30) was performed. 




The AB protons absorping at 4.08 ppm (H-18') and 4.32 (H-18) were 
mutually coupled with 13.2 Hz which suggested a geminal coupling. The 
proton signals of this AB pattern were also coupled allylically to the 
olefinic proton signal at 5.31 ppm (H-8). Thus, partial structure C
could be extended Into D.
In the up-field region (1.3-2.55 ppm) of the H NMR spectrum (Fig­
ures 31b-c) of 52, an ABMX pattern was established between the protons 
absorbing at 1.49 ppm (H-5'), 1.61 (H-5), 2.01 (H-6 '), and 2.49 (H-6 ) 
and confirmed by homocorrelated 2-D (COSY)^®’^^ (see Figures 31a-c) and 
by heterocorrelated^ ̂ 2-D (see Figure 32) NMR spectroscopy. This une­




The proton signal at 1.61 (H-5) was coupled vicinally (J = 10.8 Hz) 
to the allylic proton signal at 3.02 ppm (H-4a, see partial structure 
D), linking C-4a to C-5. The connectivity of C- 6  to C-7 was established 
on the basis of the small allylic coupling observed between H-6 ' and H- 8  
(see Figures 31a and 28L). Therefore, a carbocyclic ring feature (par­
tial structure F) was established.
■OH
The double doublet at 6.39 ppm (H-12) is most likely to arise from 
the g-H and of a,g-unsaturated carbonyl feature. Therefore, the car­
bonyl group of the 6-lactone (see above) was joined to 0-4 and an oxygen 
link to C-1. The position of the carbonyl lactone was confirmed by se­
lective irradiation of the proton signal at 3.02 ppm (H-4a) in the pro­
ton NMR spectrum while observing the ^^C fully coupled spectrum. The
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result was a removal of 3-bond coupling that sharpened the carbonyl sig­
nal (C—3) at 170.48 ppm. An IR band at 1715 cm ^, \JV band at 217 nm, 
the NMR chemical shift similarities of H-1, H-1', and C-1 in 12 and in 
xeniolide-A^ (see Tables 11, 12, 7, and 8 ) all support this assignment. 
The remaining acetate group was connected to C-9 on the basis of NMR 
chemical shift observed for H-9 at 5.82 ppm.
The relative stereochemistry of ^2 was established from ^H NMR 
experiments, including nuclear Overhauser enhancement difference spec­
troscopy (NOEDS) which are summarized in Table 14. The E configuration 
of was established by an NOE (irradiation of H-18 enhanced H-9).
Moreover, neither H-18 nor H-18' was enhanced when H- 8  was irradiated. 
NOE effects were observed also between H-9, H-lla, H-18, and H-18'. 
This suggested that H-9 and H-lla are on the same face (3-face). Irra­
diation of the allylic proton at 3.02 ppm (H-4 a) was found (NOEDS expe­
riment) to enhance H-5', H-8 , and H-13. This indicated that H-4a, H-6 ', 
and H- 6 are on the same face ( erf ace). The E geometry of C-4,12 was 
assigned on the basis of the observation of NOE effects between H-4a and 
H-13, and lack, of an NOE between H-12 and H-4 a. The trans configuration 
of the ring junction in ^  was established on the basis of the simi­
larities of the coupling constants (J^^g 4a ~ ^ Hz) and the ^^C NMR 
chemical shifts of C-lla and C-4 a (see Tables 7, 8 , 11 and 12) recorded 
for 5.2 and xeniolide-A (Z).
Because the chemical shifts of H- 8  and H-14 are very close (see 
Table 11) in the proton Nl'iR spectrum of 52 in CDCLg (Figure 28a), the 
NOE enhancements observed when H-4a resonance was Irradiated, were not 
certain. In order to confirm the assigned relative stereochemistry, the
Table 11. Proton il MR Data of Asteroxnniolide-A and its Derivatives
5 i
a
5 2 5 4 5 5
U-1 4.09 dd 4.04 dd 4.10 dd 4.10 dd
11.5;5.8 11.6:5.5 11.6:6 11.5:5.9
H-1 * 3.64 dd 3.61 t 3.64 dd 3.65 dd
12.6;11.5 11.6 12.3111.6 12.5:11.5
3.02 dddd 3.10 br dd 2.99 br dd 2.99 ddt
10.B;3.9j1.8j1.5 10.3:4.4 10.3:3.7 10.8:3.8:1.7
H-5 1 .61 dddd 1.58 dddd 1.57 1.59
14j12.B}10.Bi3.5 14:13:10.3:4.5
H-5' 1.49 dddd 1 .45 br ddd 1 .45 br dt 1.45 dddd
14;5.2:3.5;1.8 14:4.5:3.5 14:3.5 U.il5.2i3.6i1.7
H-6 2.49 dt 2.41 dt 2.16 2.18 br dt
12.0:3.5 13.0:4.5 12.6:3.6
h -6* 2.01 ddt 2.07 2.07 br dt 2.09 ddd
1.3:5.2:12.8 12.0:4.0 14.0:12.6:5.2
H-8 5.31 ddd 5.50 br d 5.22 br d 5.27 dd
6.8:1.5:1 8.3 7.3 7.8:1.0
H-9 5.82 ddd 5.74 br dd 4.78 br dd 5.67 ddd
8.8:6.4:2.4 0. 3 J 6 . H 1 . 7.3:5.8 7.8:5.4:2.8
11-10 2.48 ddd 2.52 br d 2.46 br dd 2.50 br dd
14:2.4:1 13.2 13.7:5.8 14.4:5.4
H-10' 2.46 ddd 2.38 br dd 2.40 br dd 2.45 br dd
U.0l6.<!l 13.2:6.0 13.7:1.6 14.4:2.8
H-11& 2.14 dddd 2.10 br ddd 2.02 br ddd 2,02 dddd
12.6:5.8:3.9:1.3 11.6 ; 5 .5 J 4 •4 12.3:6.0:3.7 12.5:5.9:3.8:2.0
11-12 6.39 dd 6.29 dd 6.38 dd 6.39 dd
7.8:1.5 8.8:1 .5 8.0:1.4 7.7:1.7
H-13 5.20 dd 6.15 dd 5.22 dd 5.23 dd
9.1:7.8 9.4:8.8 9.2:8.0 9.2:7.7
H - U 5.30 d oopt 5.25 br d 5.30 5.31
9.1;1.5 9.4 9.2:1.3 9.2:1.6
He-l6 1.76 dd 1 .79 d 1.79 d 1.79 d
1.5:0.5 1.5 1.3 1.6
Ho- T7 1.73 dd 1 .76 d 1.75 d 1.75 d
1.5:0,5 1.5 1.3 1.6




H-19 5.13 br 0 5.29 5.11 br fl 5.08 br 0
H-19' 5.07 br 0 5.17 5.01 br 0 5.04 br 0
OAc 2.09 2.08 u, 2.07 il 2.10 0
2.06
■Spectra were recorded in CDCl^ at 300 Mih witli Me,Si as internal standard. The values'K
are given in « units. Assignments were established by H difference decoupling experi­
ments (DDS). ^Coupling constants were measured by homonuclear 2-D J-resolved experiment.
Table1 1 2 . M M R  D a t a o f  Asteroxeniolide^A and i t s
S3 u
c -1 70.8/. t 70.67 t 70.98 t 70.82 t
c-3 170./.8 3 170.41 a 170.76 a 170.58 a
C-/t 13/..1/. a 135.17 a 134.26 a 134.28 a
C-/*n /.3.71 d 43.ou d 44.0 d 44.24 d
C-5 37.92 t 38.06 t 3 7 . 3 2  t 37.28 I
C-6 35.53 t 35.63 t 39.64 t 39.72 i
C-7 136.20 a 131.10 a 132.0 a 133.71 a
C-8 128.68 d 131.81 d 130.66 d 126.32 d
C-9 69.51 d 69.10 d 67.03 d 70.0 d
C-10 4 3 . 1 9  t 43.51 t 45.45 t 42.37 t.
C-11 1 4 7 . 2 5  3 145.77 0 147.0 a 147.69 a
C — 11 a 49.50 d 49.86 d 4 9 . 2 5  d 49.06 d
C-12 139.10 d 135.88 d 138.87 d 138.86 d
C-13 64.95 d 67.37 d 6 4 . 9 2  d 64.93 d
C-1/, 1 2 4 . 1 4  d 119.88 d 124.73 d 124.69 d
C-15 137.36 a 139.57 a 137.11 a 137.27 a
C-16 25.85 q 25.88 q 2 5 . 8 5  q 25.85 q
C-17 18.50 q 18.87 q 1 8.50 q 18.49 q
G-18 61.34 t 61.77 t. 17.32 q 17.30 q
C-19 116.73 t 117.81 I 115.05 t 115.89 I
OAc 170.78 a 170.62 a, 170.15 B. 170.58 a
21.32 q 170.30 B, 21 .17 q. 2 1 . 3 5  q
21 .29 q, 20.86 q
"Spectra were recorded in CDCl^ at 75. MHz. Multiplicities were obtained by DEPT 
and assignments were made by comparison to 18-Hydroxyasteroxenlollde-A 9-Acetate (52). 
^Assignments were established by a heterocorrelated 2-D experiment.
Table 13. Results of  ̂H Difference Decoupling (DDS) Experiments vjith ( )
Irrndiated proton, chemical e f l ' o c t  o f  decouplin^
aliift , ppm, multiplicity (J, II?,)
H-12, 6.39 dd (7.8, 1.5) 11-13, 5.2 dd (9.1, 7.8)  >d (9.1)
II-/,a, 3.02 dddd (10.8, 3.9, 1.8, 1.5) — » ddd (10.8, 3.9, 1.8) 
H-9, 5.82 ddd (8.8, 6./,, 2./.) 11-8, 5.31 ddd (8.8, 1.5, 1 )  — > hr d (1.5)
H-10, 2./,G ddd (1/., 2./,, 1 ) — > dd (1/., 1)
H-10', 2./,6 ddd (I/,, 6./,, 1) — » dd (1/,, 1)
H-8, 5.31 ddd (8.8, 1.5, 1) H-9, 5.82 ddd (8.8, 6,/,, ?../,) — » dd (6./., 2./,)
11-18, /, . 32 dd (13.2, 1.5) — > d (13.2)
11-18' , /..II dd (13.2, 1) --  d (13.2)
11-6', 2.01 ddt (1.3, 5.2, 12.8) — > dt (5.2, 12.8)
H-1/,, 5.30 d sept (9.1, 1.5) Mo-16, 1.73 d (1.5) — > a
Me-17, 1.76 d (1.5) o
11-13, 5.20 dd (9.1, 7.8) — ) d (7.8)
11-19, 5.13 hr o 11-10, 2./,8 ddd (1/,, 2./,, 1) — V dd ( 1/., 2./,)
11-10', 2,/,6 ddd (1/,, 6./,, 1) — » dd (1/,, 6./,)
ll-11n, 2.1/, dddd (12.6, 5.8, 3.9, 1.3) — » ddd (12.6, 5.8, 3.9) 
H-19’» 5.H7 h v  — > rlmrpenod
11-18', /, .11 hr d (13.2) 11-18, /, .32 hr ,1 (13.2) — > hr o
11-8, 5.31 ddd (8.8, 1.5, 1) — > dd (8.8, 1.5)
11-1, /,.og dd (11.5, 5.8) H-1', 3.6/. dd (12.6, 11.5) — » d (12.6)
11-11a, 2.1/ dddd (12,6, 5.8, 3.9, 1.3) — » ddd (12.6, 3.9, 1.3) 
H-1', 3.6/ dd (12.6, 11,5) 11-1 , /.09 dd (11.5, 5.8) — > d (5.8)
H-lla, 2.1/ d.ldd (12.6, 5.8, 3.9, 1.3) — > ddd (5.8, 3.9, 1.3) 
H-/a, 3.02 dddd (10.8, 3.9, 1 .8,1 .5) 11-12 6. 39 dd (7.8, 1.5) — ♦ d (7.8)
H-11a, 2.1/ dd.ld (12.6, 5.8, 3.9, 1.3) -- > ddd (10.8, 5.8, 1.3)
11-5. 1.61 dddd (I/, 12.8, 10.8, 3.5 ) — > ddd (1/, 12.8, 3.5) 
H-5', 1./9 ilddd (I/, 5.2, 3.5, 1.8) — > ddd (1/, 5.2, 2.5)
11-1 la, 2.1/ dddd (12.6, 5.8, 3.9, 1.3) 11-19, 5.13 hr n — > sharpened
11-1, /.09 dd (11.5, 5.8) d (11.5)
11-1', 3.6/ dd (12.6, 11.5) — > d  (11.5)
II-/,a, 3.02 dd,ld( 10.8, 3.9, 3.9, 1.8, 1.5) — > ddd(l0.8, 1.8, 1.5)
11-5', 2.01 ddt (1.3, 5.2. 12.8) 11-8, 5.31 ddd (8.8, 1.5, 1) — > .almrponed
11-6 2./9 dt (12.8, 3.5) — > t (3.5)
11-5, 1.61 dddd (1/, 12.8, 10.8, 3.5) — » ddd (1/, 10.8, 3.5)
11-5', 1.69 dddd (1/, 5.2, 3.5, 1.8) — + ddd (1/, 3.5, 1.8)
11-5', 1./9 dddd (1/, 5.2, 3.5, 1.8) H-/n , 3.02 dddd (10.8, 3.9, 1.8, 1.5) — > ddd (10.8, 3.9, 1.'l)
11-6, 2./9 dt (12.8, 3.5)— > dd (12,8, 3.5)
11-6', 2.01 ddt (1.3, 5.2, 12.8) — > dt (1.3. 12.8)
11-5. 1.61 dddd ()/, 12.8, 10.8, 3.5) ddd (12.8, 10,8, 3.5)
"'Spectra were recorded in CDCl^ at 300 MHz with Me^ Si as internal standard. The
values are given in ppm downfleld from 'I'MS.
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Figure 27- (a) 75.A MHz broadband proton decoupled HMR 
spectrum of in CDCl^• (b ) all protonated carbons, (o) 
methine carbons, (d) methylene carbons, (e) methyl carbons. 
Spectra b-e were recorded at 75.4- MHz in CDCl^ and resulted 














Figure 28, (a) 300 MHz  ̂H NMR spectz’um of 32 in CDCl^ . (b-m) Slices from homonuclear 
tv/o-dimensional J-resolved (2DJ) spectrum in Figure k.
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Figure 29. (a-e) Spectra resulted from proton difference
decoupling experiments (DOS) with recorded at 300 Mds 
in CDClg







Figure 30. Stacked plots of the homonulear 2DJ spectrum of 52 
in CDClg.  ̂H chemical shifts are plotted along the vertical 
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Figure 31 a. Contour plot of the homocorrelated two-dimensional 
proton NMR spectrum (symmetrized) of 52 in CDCl^ at 300 MHz. 
The final s(F,,F.j) matrix plot consisted of 512 X 512 data 
points. Off-diagonal contours establish direct proton spin- 
coupling connectivities.
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Figure 31c. Stacked plot of the high 
field region of homocorrelated 2D 
proton spectrum of in CDCl, at 
300 MHz.
Figure 31b. Contour plot of the high-field region 
of hoiiiocorrelated 2D proton spectrum of in CDCl 
at 300 M H z . Off-diagonal contours establish direcx 
pi'oton spin-coupling connectivities.
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Figure 31d . Stacked plot of the down-field region of homo- 


















Figure 32, Contour plot of the heteronuclear correlated 2-D spectrum of 18-Hydroxy- 
asteroxeniolide-A 9-Acetate ( 52) in CDCl^ c  t  7 . 4- MHz NMR, Carbon-13 chemical shift
is plotted along the vertical direction, a n d  pi'oton chemical shift is plotted in the 











Figure 33 . 300 MHz  ̂H NMR spectrum of 52 in CDCl
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Table 14. Results of NOEDS experiment with 52 in CDCl^ 
at 300 MHz.
Proton irradiated Proton (s) % Enhancement
cher shift, ppn enhanced
H-12. 6.39 H-14, 5.30 9
H-13. 5.20 5
H-9, 5.82 H-18, 4.32 9
















H-13. 5.31 H-12. 6.39 5
H-6'. 2.01 3
H-4a, 3.02 10
H-1'. 3.64 H-1, 4.09 17
H-19', 5.07 4
H-lla, 2.14 6
H-18, 4.32 H-9. 5.82 7
H-18', 4.08 17
Table 15. Results of NOEDS experiment with 5 3 in
CDCl 2 solution at 300 MHz.
Proton (s) % Enhancement
chem shift, ppm enhanced
H-12. 6.29 H-14, 5.25 8
H-14, 5.25 H-12. 6.29 8
H-13. 6.1 5 4




NMR NOEDS experiment was also performed on the acetate derivative 5.3 
of compound ^  where the chemical shifts of H-8 , H-13, and H-24 are very 
different (see Table 11 and Figure 33). The results of these experiments 
(Table 15) supported the previous assignment. Thus, the structure of 52 
is completely elucidated.
Structure elucidation of Asterozeniolide-A (S&):
Silica gel chromatography of fraction F' from Scheme 3 afforded 25 
fractions. One of the fractions eluted with hexane-acetone (1:1) frac­
tion 21, was resolved by HPLC with silica gel and hexane-acetone (75:25) 
as eluent to yield four fractions. Repeated chromatography of the 
fourth fraction by HPLC afforded 3 mg of asteroxeniolide-A (54) as a 
colorless oil; [c:]~^+ 26° (c. 0.29, CHCL^). The molecular ion of 54 was 
not observed in the high resolution mass spectrum. However, an ion cor­
relating to M’*’-18 was detected at 314.1918 which is in agreement with 
the formula C2 QH2 ^0 ^ (calculated 314.1882). Consideration of this data 
with the observation of a peak at m/z 332 in the low resolution mass 
spectrum confirmed the formula of 54 to be C2 QH2gO,|̂ (7 unsaturations).
1 3 /The C NMR spectra (Figure 33) of 54 indicated the presence of three 
methyl groups, 4 sp^ methylenes and 1 exocyclic terminal methylene, 7 
methines, and 5 quaternary carbons. The IR spectrum of ^  showed a 
broad hydroxyl band at 3420 cm  ̂ and a band at 1712 cm”  ̂which was as­
signed to ai a,0-unsaturated 6 lactone. The UV spectrum of 54 exhibited 
a band at 217 nm which supported the latter moiety.
Analysis of the ^H and ^^C NMR data (Tables 11 and 12 and Figures 
33, 34, and 35) of 54 indicated the existence of four double bonds
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^ M e
(ZZC=CH2 , —  CH=CiT> — C H = C ^  , — CH=C^ ), a conjugated carbonyl group.
Me
an allylie secondary hydroxyl [C-9 67.03 ppm (d)], and a doubly allylie 
secondary hydroxyl [C-13 64.92 ppm (d)]. The presence of two hydroxyl 
groups in 54 was suggested by the loss of two molecules of water in the 
mass spectrum [m/z 314 (M’*'-H2 0 ) and 296 (M'*’-2H2 0 ) ]. Comparison of the
and NMR data of 5A with data of previously isolated xeniolide-A^ 
(Z) indicated that compound 5 È possesses the same bicyclic skeleton as 
xeniolide-A (Z). From the analysis of the and '■̂ C NMR data (see 
Tables 11 and 12) and UV data, it was clear chat compound 54 differs 
from xeniolide-A (2) in the structure of the side chain (see the struc­
tures of 54 and xeniolide-A), but 5,4 clearly has a side chain identical 
to 52. The structural features of 54 (see Tables 11 and 12) are very 
similar to those of compound 52 except that compound 54 possesses a 
methyl group at C-7 (rather than a primary alcohol group) and it lacks 
the acetyl group at C-9.
The proposed structure of 54 was confirmed by difference decou­
pling (DOS) and homocorrelated 2-D (COSY) (see Figure 35) spectroscopy 
experiments; all expected proton couplings were observed.
The stereochemical features of 54 are similar to those proposed for
compound 52 according to the and  ̂̂ C NMR data of 52 and 54 (see
Tables 11 and 12) . The assignment of the trans configuration of the 
ring fusion in 54 was based on the similarities of the coupling con­
stants (Jj^ia 4 a = 3.7 Hz) observed for 54 and 5&. The E configuration 
was assigned to C-7 , 8 on the basis of the ^^C NMR chemical shift ob­
served for Me-18 at 17.32 ppm (rather than at 22-25 for the Z configura­
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Figure 33. (a) 75.4 MHz broadband H decoupled ^0 KMR spectrum
of 54 in. CDCl^ . (b) all protonated carbons, (c) methine carbons, 
(d) methylene carbons, (e) methyl carbons. Spectra b-e were rec­
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Figure 35. Contour plot of the homocorrelated 2-D proton HMR
soectrum of 54 in CDCl. at 300 MKs. Off-diagonal neaks estab- = - 3
lish direct proton spin-coupling connectivities.
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Che similarities of the corresponding and NMR chemical shifts for 
52 and xeniolide-A (2) (see Tables 11 and 12). Similarly, C-4,12 and C- 
13 in 52 were assigned the same stereochemistry as in 5A on the basis of 
the correlation of and NMR data associated with their side chains 
(see Tables 11 and 12). Thus, the structure of ^ 6 is completed.
Structure elucidation of Asteroxeniolide-A 9-Acetate (551:
The CHCLj extract, fraction F' of Scheme 3, was chromatographed on 
a column of silica gel. Elution with 7:3 hexane-acetone yielded a frac­
tion (fraction 14) which was further chromatographed by HPLC to give 
nine fractions. Repeated chromatography of fraction 6 led to the isola­
tion, in trace quantities, of an oil, asteroxeniolide-A 9-acetate (55), 
3 mg, -1 (c. 0.3, CHCL^). The molecular ion of 55 was not ob­
served in the high resolution mass spectrum. However, a peak relating to 
a loss of one molecule of water was detected at 356.19796 which is con­
sistent with the formula <322^28*^4 356.1988). IR (OH group), ^H and
NMR (22 carbons and 29 non-exchangeable protons) and high resolution 
mass spectral data taken together confirmed the formula of 55 to be
*^22^30^5 unsaturations). The NMR spectra of 55 (Figure 36)
revealed the presence of 4 methyls, 4 methylenes, and one exocyclic ter­
minal methylene, 7 methines, and 6 quaternary carbons. The IR spectrum 
of 55 exhibited a broad hydroxyl band at 3450 cm~^, and bands
appropriate for an acetate (1730 cm ^) and an a,g-unsaturated S lactone 
(1712 cm ^). The latter moiety was consistent with the IP/ band at 217
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The %  NMR spectrum of 55 (see Figure 37) is almost identical to 
that of asteroxeniolide-A (54) except for the existence of an additional 
acetate methyl group signal at 2.1 ppm and a downfield shift of the H-9 
signal to 5.67 ppm from 4.78. Additionally, the NMR spectrum of 55 
is almost identical to that of 5È except that in 5,5 the chemical shifts 
of C-7, C-8 , C-9, and C-10 were changed relative to their counterparts 
in 5,4 (see Table 12) and an acetate carbonyl carbon signal appeared at 
170.58 ppm in the spectrum of 55. Consequently, compound 55 was
determined to be asteroxeniolide-A 9-acetate (55)« The proposed struc­
ture of 55 was confirmed by DBS and homocorrelated 2-D (COSY) spectro­
scopy (Figure 3 8 represents the contour plot of the COSY spectrum which 
contains off-diagonal peaks that establish direct proton spin-coupling 
connectivities),
The stereochemical features of 55 are assumed to be identical to 
those proposed for asteroxeniolide-A (54), since the *H NMR chemical 
shifts and J values, and the ^^C NMR data are virtually identical for 
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Flg;ure 36. (a) 75.4- MHz broadband  ̂H decoupled  ̂ NMR spectrum 
of II in CDClg . (b) all protonated carbons, (c) methine carbons,
(d) methylene carbons, (e) methyl carbons. Spectra b-e were rec­
orded at 75.4 MHz in CDCI^ and resulted from a DEPT experiment.
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Figure 38. Contour plot of the homo correlated 2-D proton NMR 
spectrum of in CDCl^ at 300 MHz. Off-diagonal peaks estab­
lish direct proton spin-coupling connectivities.
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Identification of Xeniolide-B<12);
The twenty^ third fraction of Scheme 4 was chromatographed by HPLC 
using hexane-acetone (80:20) as eluent to give 4 fractions. The second 
fraction contained 23 mg of a light yellow oil which was identified as 
xeniolide-B (13) on the basis of identity of the IR, UV, and ^ N M R  
data observed in this work and values reported^ for xeniolide-B (13).
Identification of %enlolide-B 9-Acetate (14):
The fifteenth fraction of Scheme 4 was chromatographed by HPLC 
using a column of silica gel and hexane-acetone (83:17) as eluent to 
give pure xeniolide-B 9-acetate (14), 65 mg, as a yellow oil. The 
molecular formula ( 8  unsaturations) was deduced from the
following data: (a) the low resolution mass spectrum displayed the mo­
lecular ion at m/z 374; (b) the %  iiMR spectrum (see Figure 40) showed 
signals for 29 non-exchangable protons; (c) IR absorptions occurred at 
3440 cm  ̂ (OH) and 1730 (acetate); (d) the ^^C NMR spectra (see Figure 
41) exhibited signals for 22 carbons including .2 carbonyl ester carbons. 
The ^H NMR spectrum (see Figure 40) of 14 was very similar to that of 
xeniolide-B (1.3) except for the presence of an extra acetate methyl 
group signal at 2.06 ppm and a downfield shift of the H-9 signal from 
4.® to 5.55 ppm. Furthermore, the ^^C NMR spectrum of 14 contained two 
additional carbon signals at 21.25 (q) and 170.54 ppm (s) which corre­
sponded to an acetate group. Hence, it was concluded that 3.4 was the
xeniolide-B 9-acetate (jL4), a known compound isolated by Kashman and 
Growiess.^ However, Kashman reported Chat the chemical shift of Che H- 
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Figure 39. 300 MHz proton NMR spectrum of xonlolide-B (12) In CdCI,
Table ib* H NMR Data of Xeniollde-B 
and its Derivatives"
13 Ik 15
H-3 4.42 br d 4.42 br d 4.42 br d
12 12.1 12.1
H-3' 4.85 br d 4.88 br d 4.89 br d
12 12.1 12.1
H-/,a 3.12 br dd 3.09 br dd 3.11 br dd
9.5:6 9.1:6 10.4:4.8
H-5 1.65 1.65 1.96 br d
15
H-5' 1 .81 dq 1 .82 dq 1.75 tdd
14:3.8 14.2:3.8 15:4.8:2.5
H-6 2.17 2.17 1.44 ddd
15:3.3:3.0
H-6' 2.27 td 2.27 td 2.12 ddd
11.8:3.8 11.813.8 13.3:4.5:2.5
H-8 5.37 br d 5.39 br d 3.0 c1
10 10.2 1.5
H-9 4.69 ddd 5.45 ddd 3.7o' ddd
10:9:5.4 10.2i9.2j5..4 10:9.5:5.1
H-10 2.16 br dd 2.16 br dd 2.21 ddd
13.5:9 13.6*9.2 13.4:10:2
HL10' 2.89 br dd 2.94 br dd 3.01 br dd
13.5:5.4 13.6j5.ii 13.4:5.1
H-11a 2.89 br d 2.98 br d 3.17 d
9.5 9.1 9.8
H-12 6.0/, br d 6.06 br d 6,06 br d
11 11.1 11.3
H-13 6.37 dd 6.37 dd 6.23 dd
15:11 15.1;11.1 15:11.3
H - U 5.95 d 5.97 d 5.95 d
15 15.1 15
Me-16 1.38 B 1.38 Q 1.32 0
Me-T7 1.39 B 1.39 0 1.34 0
Ho-18 1.65 br B 1.72 br 0 1.24 0
H-19 4.98 br a 5.07 br 0 5.15 br a
H-19' 5.05 br 0 5.15 br 0 5.22 br B
OAc 2.06 0
■"■Spectra were recorded in CDCl^ at 300 Mils 
v.'ith TMS as internal standard. The values 
are given in <5 units. Assignments were 
established by spin-decoupling experiments.
Table 17. NMR Data of Xi
Derivatives
G t 1 4 l i
G-1 172.9 a 172.25 fl
0-3 70.65 t 7 0 . 5 8  t
C-4 136.95 a 136.86 fl
C-4a 36.91 d 36.05 d
0-5 37.33 t 36.05 1,
0-6 39.55 t 37.89 t
0-7 136.01 D 59.63 0
0-8 126.0 d 67.23 d
0-9 72.25 d 71 .26 d
0-10 39.62 t 38.84 t
0-11 141.2 B 1 3 8 . 9 2  fl
0-11 a 57.0 d 5 7 . 2 5  d
0-12 127.66 d 128.39 d
C-13 121.08 d 121.69 d
0-14 145.20 d 145.66 d
0-15 70.65 a 70.78 a
0-16 29.71 q 29.81 q
0-17 29.82 q 2 9 . 8 9  q
0-18 19.23 q 19.61 q
0-19 120.68 t 120.82 t,
OAc 170.54 0 
21.25 q
Spectra were recorded in C D C l ,  at 
75.x MHz. Multiplicities were ob­
tained by DEPT and assignments 
were made by comparison to other
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Figure 4.1 . (a) 75.4 MHz broadband '̂ H decoupled  ̂ NMR spectrum 
of Xeniolide-B 9-Acetate (14) in CDCl^ . (b) ail protonated carbon 
(o) methine carbons, (d) methylene carbons, (e) methyl carbons. 
Spectra b-e were o 
a DEPT exneriment.
btained in CDCl^ at 75.4 M H z  and resulted from
103
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Figure 4-2. Contour plot of the H COSY 2-D spectrum of Xeniolide- 
B 9-Acetate (14) in CDCl^ 300 MHz. Off-diagonal contours con-
firm direct proton spin-coupling connectivities.
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4.45 (m), and 6.43 ppm (dd), respectively. We performed difference 
decoupling and COSY (see Figure 42) NMR experiments to establish the 
chemical shifts and multiplicities of all the proton signals in ^4. Our 
results indicated that the chemical shifts of H-8 , H-9, and H-13 signals 
were at 5.39 (br d), 5.55 (ddd), and 6.37 (dd), respectively. Our ob­
served NMR data (see Table 17) is identical to that reported^ by
Kashman for xeniolide-B 9-acetate (14).
Identification of 7,8-Dihydro-7a,8a-epoxy3teniolide-B (i5)-
Silica gel chromatography of the CHClg extract of Scheme 1 gave 9 
fractions. Fractions 8 and 9 were combined and rechromatographed over 
silica gel to yield 7 fractions. The sixth of these fractions was 
subjected to HPLC to afford pure 7,8-dihydro-7a,8 a-epoxyxeniolide-B 
(15) , 1 sg, as a white powder. The molecular formula
unsaturations) was obtained for ^  from the following data: (a) the low
resolution mass spectrum exhibited the molecular ion at 348; (b) the ^H 
NMR spectrum (see Figure 43) showed signals for 26 non-exhangeable pro­
tons; (c) the IR spectrum showed OH (3500) cm  ̂ and carbonyl ester 
(1730) absorptions; (d) the NMR spectra indicated the presence of 20 
carbons including two carbons each deshielded by a single oxygen, [70.59 
ppm (C-9, d) and 70.78 (C-15, s)J, 2 other carbon signals due to an 
epoxide group, [59.63 ppm (C-7, s) and 67.23 (C-8 , d)], and a lactone 
carbonyl carbon, [172.25 (C-1, s)|. The %  NMR data (see Figure 43) of 
^  were very close to those of 7,8-dihydro-7a,8crepoxyxeniolide-B 
isolated by Kashman^ and Growiess and hence identity between these two 
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Figure 43. ? 0 0  MHz proton HKR spectrum of 7,8-dihydro-7a,8a-epoxy- 
xeniolide-^B (15) in CDCl
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shift of H-13 signal in 7,8-dihydro-7a,8a-epoxyxeniolide-B was at 6 .35
ppm. Our 300 MHz NMR analysis of the spectrum of 15 indicated that
H-13 signal is at 6.23 ppm. Also, Kashman did not report the NMR
chemical shifts of 7,8,-dihydro-7a,8ct-epoxyxenlolide-B. We would like 
to report the NMR data of 7,8-dihydro-7o,8cc-epoxyxeniolide-B (15),
as well as the complete assignments of the ^H NMR spectrum of 15.
Structure elucidation of Asterospicln (56):
Silica gel chromatography of the CHCIg extract of Scheme 1 afforded 
9 fractions. Fractions 3-7 were combined and rechromatographed on a 
column of silica gel to give 6 fractions. The fourth of these was sub­
jected to HPLC to yield 3 fractions, the first of which contained 8 mg
of oily material. This oily material was resolved by HPLC using a 
reverse-phase column with Me0 H-F. 2 0  (60:40) as eluent to give 3 frac­
tions. Evaporation of the second fraction left 2.2 mg of asterospicln 
(56) as a colorless oil. The molecular formula C2 qH2qO^ was established 
for 56 by the analysis of its high resolution mass spectrum. The 
molecular ion was also observed in the low resolution mass spectrum (M"*" 
= 332). The NMR spectra (Figure 44) of 56 indicated the presence of 
3 methyls, 4 sp^ methylenes and one exocyclic terminal methylene, 5 sp^ 
methines and 3 sp^ methines, and 4 quaternary carbons. The IR spectrum 
exhibited a broad hydroxyl band at 3440 cm~^. The presence of (OH) 
group was unequivocally confirmed by acétylation of 56 to give the 
expected 9-acetate 5.2 in which H-9 signal experienced a downfield shfit 
to 4.74 from 3.74 ppm. A study of the ^H and NMR data suggested the
107
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existence of three double bonds__________— CH=CH-CH=C ), an epoxide
,0 Me Me
group (— CH— C —  ), and an acetal group, 105.64 ppm (C-1, d).
In the NMR spectrum (Figure 44d) of ^6 , the signal at 115.60 
ppm (G-19, t)*, together with the proton signals at 5.14 (H-19') and 
5.33 ppm (H-19), suggested an exocyclic terminal methylene group. Irra­
diation of H-19' signal sharpened the broad singlet at 5.33 ppm (H-19) 
and caused removal of small allylic couplings from the proton signals at 
2.25 ppm (H-lla), 2.40 (H-10), and 2.58 (H-10'). This suggested that H- 
10, H-10', and H-lla were allylic to the terminal methylene protons. 




A ABM pattern was established between the proton signals at 2.40 
ppm (H-10), 2.58 (H-10'), and 3.74 (H-9). The AB part which arises from 
the H-10 and H-10' proton signals of this ABM system was found to couple 
allylically to the terminal methylene proton signals (H-19 and H-19'). 
The M part (H-9) of this ABM pattern was also coupled vicinally to the 
methine proton at 2.75 ppm (H-8 ) which was assigned to the epoxide 
group. Therefore, partial structure A could be extended into B.




A small W-coupllng (J = 0.9 Hz) was confirmed (by homonuclear 2-DJ 
and COSY experiments) between the epoxide proton signal at 2.75 ppm (H- 
8 ) and the methyl singlet at 1.38 ppm (Me-18), see Figures 45k, 45i, and 





In the high-field region (1-2.3 ppm) of the NMR spectrum (Figure 
47) of 56, an ABMX system was confirmed between the proton signals at 
1.83 ppm (H-5), 1.53 (H-5 ' ), 1.05 (H-6 '), and 2.24 (H-6 ). The carbon 
connectivity in this ABMX spin system was established by homocorrelated 
2-D experiment (see Figures 46 and 47) in which all the proton-spin cou­
pling connectivities were shown very clearly. C-7 was determined to be 
bonded to C- 6  because a small W-coupling was observed (see Figures 45h, 
45k, and 46) between H-6 ' and Me-18. The signal assigned to H-5' (1.53
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ppm of this ABMX system was coupled vicinally (J = 10.5 Hz) to the one- 
proton signal at 1.76 ppm (H-4 a), see Figure 47. Therefore, C-5 was 
connected to C-4a. Moreover, H-4a was also coupled (J = 4 . 5  Hz) vici­
nally to H-lla, see Figure 3b. This proved the connection between C-4a 
and C-lla and completed the carbocyclic partial structure D.
H
H O H
In the K-S spectrum of 56, a proton singlet at 5.32 ppm (H-1) 
was resolved by homonuclear 2- DJ experiment, Figure 45b, into a quintet 
(J = 0.8 Hz). In the COSY spectrum (Figure 46) of 56, the H-1 signal 
was coupled (J = 0.8 Hz) to H-lla signal. This small coupling between 
H-lla and H-1 was attributed to a dihedral angle near 90° between H-lla 
and H-1. Consequently, C-lla was fixed to C-1, see partial structure E. 
This linkage was supported further by a small W-coupling (J = 0.8 Hz) 
observed between H-1 and H-4a signals, see Figure 46.
An AB pattern was established between the proton signals at 3.35 
ppm (H-3) and 3.96 (H-3'), see Figure 46, J = 6.7 Hz. This small 
geminal coupling was also found in frontalin^ in which the carbon 
bearing the two protons due to this AB system is adjacent to an oxygen 
atom and is a part of bicyclic acetal system, see structure of fron- 
talin. Based on Che frontalin analogy, C-3 was connected to C-1 through
110





Furthermore, a 1.9 Hz W-coupling was established between H-3 and H-4a. 
The lack of any vicinal coupling between either H-3 or H-3' signals and 
other proton signal(s) in the COSY spectrum of 56 suggested that C-3 
could be attached to a quaternary carbon. The C-3, C-4, and 6-4a chain 
was fixed on the basis of the W—coupling observed between H-4a and H-3 




In the downfield region of the %  NMR spectrum of 56, an ABM spin 
system was confirmed for the olefinic proton signals at 5.73 ppm (H-12), 
6.47 (H-13), and 5.86 (H-14). It was clear from the coupling constant 
(J = 15.7 Hz) that H-12 and H-13 were trans and H-13 signal was also 
coupled vicinally to H-14 signal (J = 10,3 Hz). Irradiation of H-14 
signal changed the H-13 signal from a double doublet into a doublet and
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sharpened both the vinylic methyl signlets at 1.80 and 1.78 ppm. Con­
versely, irradiation of either of the vinylic methyl signals sharpened 
the broad proton signal at 5.86 ppm (H-14). This indicated that these 
methyls (Me-16 and Me-17) were vinylic and also geminal. Therefore, a 
diene chain was constructed as a partial structure G.
A close examination of the ^H COSY spectrum (see Figure 46) of 56 
indicated that H-12 signal was found to couple with long-range cou­
plings to H-3, H-3' , K-4a, and H-14 signals. Furthermore, the lac’.c of 
any vicinal coupling for H-12 signal other than H-13 coupling suggested 
that C-12 must be connected to a quaternary carbon. The chemical shift 
of the carbon signal at 8 8.26 ppm (C-4, s) suggested that it must be 
deshieleded by an oxygen substituent and adjacent to a double bond.
Consideration of the long-range couplings observed between H-12 and H-3, 
H-3' , and H-4 a signals and the fact that C-12 must be connected to a
quaternary carbon led to the conclusion that C-4 must be linked to C-12.
The chemical shift of the carbon signal at 105.64 ppm (C-1, d) suggested 
an acetal carbon which bears two oxygens, one of which was connected to 
C-3 as mentioned above and the second oxygen could be connected to only 
one position which was C-4. Thus, the skeleton of 56 was established.
The stereochemical features of 56 were established by NOE expe­
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Figure ii . (a) 1 5 . i MHz broadband H decoupled "'̂ G H HR spectrum 
of 25 in CDCl^ ” (b) all protonated carbons, (c) methine carbons.
(d) methylene carbons, (e) methyl carbons. Spectra b-e were rec- 
oreded at 75.4- KHz HMR in CDCI^ and resulted from a DEPT experiment.
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Figure . Contour plot of the homocorrelated (COSY) two- 
dimensional proton NMR spectrum of iu CDCl^ at 300 MHz. 












Figure 4-7. Contour plot of the up-field portion of 
COSY spectrum of asterospicin (5§) in CDCl^ at 
300 HHz. Off-diagonal peaks denote spin coupl­
ing connectivities.
Table 18 . Proton NMR Data of tlio Ao Urospicins
a
11 %%
H-1 5.32 quintet 5.30 0 5.30 5.30 u
0.8
H-3 3.35 dfld 3.34 dd 3.32 dd 3.34 dd
6.8:1.9:0.8 6.7:2 7.7:2 7.7:2
H-3' 3.96 br dd 3.94 d 3.96 3.96 d
6.8:0.8 6.7 7.7 7.7
ll-ia 1.76 bi" ddd 1.74 br ddd 1 .74 1.74 br ddd
10.5*4.7:1.9 10.5:4.5:2 10)4.3:2 10:4.3:2
H-5 1.83 dt 1.82 dt 1 .78 dt 1 .78 dt
14.5:3.5 14.5:3.5 14.5:3.5 14.5:3.5
H-5’ 1.53 dddd 1.53 dddd 1 . 3 dddd 1.53 dddd
14.5:13.5:10.5:2.2 14.5:13:10.5:3.5 14.5:13.5:10:3.5 14.5:13.5*10*3.5
H-6 2.24 ddd 2.25 dt 2.24 dt 2.24 dt
13.5:3.5:2.2 13.4:3.5 11.9:3.5 13.9:3.5
H-6' I .05 tdd 1.04 ddd 1 .05 ddd 1.05 ddd
13.5:3.5:0.9 13.4:13:3.5 13.9:13.5:3.5 13.9:13.5:3.5
H-8 2.75 (It 2.91 d 2.73 2.73 d
7.8:0.9 7.8 7.7 7.7
H-9 3.74 ddd 4.74 ddd 3.74 br dd 3.74 br dd
7.8:5.9:1.9 7.8:5.2*1.5 7.7 ; 6. 5 7.7:6 . 5
H-10 2.40 ddd 2.38 br dd 2.3 9 111- dd 2.39 br dd
14.2*5.9:1.8 14.8:5.2 13.9*6.5 13.9*6.5
H-10* 2.58 ddd 2,61 hr d 2 . 6 8 br d 2.58 br d
14.2:1.9:1 14.8 11.9 13.9
H-lla 2.15 br dt 2.13 br dd 2.15 br d 2.15 br d
4 .7 ; 1 . 8 4.511.5 4.3 4.3
H-1P 5.73 (1 quintet 5.72 d 0. \ 2 br '1 6.1? br d
15.6*0.8 15.7 1 . 4 15.4
H-13 6.47 dd 6.46 dd '■.73 dd 5.71 dd
15.6:10.3 15.7:10.4 1'.4:6,5 15.4:6.5
H-1/. 5.86 br d 5.85 br d %2b It  d 3.27
10.3 10.4 6. 5 6.5
Mo-16 1 .80 l.r n 1.79 br n 1. r/ 1.37
iio-r; 1 .78 br 3 1 .77 br 3 1 . 2 6 1 .28 s
Me-13 1 .38 f. 1 .40 1 . 3 6 1 .36
0.8
H-19 5.33 hr n 5.35 hr r, 5.31 b)- M 5 . 3 1 hr r
H-19' 5.14 hr a 5.04 hr 1: 5.14 br ;! 5.14 hj- r.
OAc 2.1 f
^Multiplicity and coupling constants were obtained from a homonclear 2-DJ experiment. 
"Spectra v/ere recorded in cncl3 300 MHz v;ith Me^^Si as internai standard except for
compounds 60 and 6l in which their spectra wore obtained in 5% CD^OD in CDCl^ . The 
values are"given frf g units.
( Continued Table 18)
§ 9 § 1
6 2 § 2 é 4
INI 5.29 t 5.29 t 5 . 2H 5.39 g 6.10 d
0.9 0.9 4.7
11-3 3.28 dd 3.29 dd 5.04 d 6.10 9.61 d
6.8:2 6.8:2 12.1 2
H-3' 3.94 d 3.94 d 2.56 d (OH)
6.8 6.8 12. 1
H-/»a 1 .73 br ddd 1.73 hr ddd 1.74 br (If) 1 .78 hr dd 2.25 br t
10.5:4.6:2 10.5:4.6:2 10.5:3.7 10:4.2 9.6
H-5 1.78 dt 1.78 dt 1 .86 clt 1.93 dt 2.19 br dd
14.2:3.6 14.2:3.6 13.3:3.7 13.6:3.4 12.8:5.5
H-5* 1 . 5 0 dddd 1.50 dddd 1.41 t.dd 1.55 1.55
14.2:13.5:10.5:2.3 14.2:13.5:10.5:2.3 13.4:10.5:3.7
H-6 2.20 ddd 2,20 ddd 2 . 2 2 dt 2.26 dt 1.88 br dd
13.5:3.6:2.3 13.5:3.6:2.3 12.3:3.7 12.2:3.4 12.5:3.8
H-6' 1 .0 Ldd 1.0 tdd 1 .99 ddd 2.02 td 1 .82 br dd
13.513.6:0.9 13.5:3.6:0.9 13.4:12.3:3.7 12.2:3.4 12.5:5.5
H-8 2.73 dt 2.73 dt 5.OB br d 5.16 br d 5.20 br d
7.810.9 7.8:0.9 6.7 7.8 9.3
H-9 3.66 ddd 3.66 ddd 4 . 6 9 br in 5.61 br dd 5.51 ddd
7.8:5.9:1.9 7.8:5.9:1.9 7.8:5.9 9.3:8.2 : . 4
H-10 2.35 ddd 2.35 ddd 2.42 br d 2.43 br dd 2.10 br dd
14.2:5.9:1.5 14.2:5.9:1.5 13.7 13.6:5.9 13:8.2
H-1C? 2.55 ddd 2.55 ddd 2 . 4 6 br dd 2 . 5 0 br d 2.65 br dd
14.2:1.9:1 14.2:1.9:1 13.7:5.4 13.6 13:5.4
H-lla 2.11 br ddd 2.11 br ddd 1 .76 lir dd 1.76 br d 2.44 br dd
4.6:2:0.9 4.6:2:0.9 3.7:1 . 5 4.2 9.6:4.7
H-12 6.04 ddt 6.04 ddt 5.76 d 5.70 d 5.57 d
15.6:1.7:0.9 15.6:1.7:0.9 15.7 15.6 15.2
H-13 5.81 dd 5.82 dd 6 . 7 2 dd 6.68 dd 6.60 dd
15.6:5.9 15.6:5.9 15.6,11 15.6:11 15.2:10.8
H - U 3.91 dd 3.92 dd 5.90 br d 5.88 br d 5.85 br d
5.9:1.7 5.9:1.7 1 1 11 10.8
Ho - Id 1,18 d 1.18 d 1 .81 1.80 1.79
0.6 0.6
Ho-T7 1.09 dd 1 .09 dd 1.01 1 .81 1 .81
0.6;.03 0.6:0.3
Mo-18 1.34 t 1.34 t 1 .65 1.71 1 .65
0.9 0.9
11-19 5.27 br 3 5.27 br a 5 . 24 l.r c 5.26 br a 5.09
H-19' 5.12 br a 5.12 br D 4 .  " 4 br r, 4.92 br 3 5.05 br n
OAc 2.06 r, 2.07 r 2.06 2n
Table 19. NMR Chemical Sliifbc (piaii) of the A.nterospicins
52 60 §1 §i
GH
C- 1 1 0 5 . 6 / .  d 1 0 5 . 5 3  d 1 0 5 . 7 1  d 1 0 5 . 7 1  d 1 0 5 . 6 3  d 10 5 . 6 7  d 1 0 4 . 4 0  d
c - 3 6 7 . 3 7  t 6 7 . 3 4  t 6 7 . 2 5  t 6 7 . 1 9  t. 6 7 . 1 9  t 6 7 . 2 1  t. 9 3 . 5 1  d
C- / , 88.26 fi 8 8 . 2 5  s 8 7 . 3 7  0 8 7 . 3 9  a 8 7 . 7 8  a 8 7 . 7 6  a 9 0 . 1 0  n
0 -  /* Q 5 5 . 6 2  d 5 5 . 8 6  d 5 5 . 5 9  d 5 5 . 6 1  d 5 5 . 4 4  d 5 5 . 4 4  d 5 5 . 1 0  d
C - 5 2 7 . / , 9  t 2 7 . 3 6  t 2 7 . 3 7  t 2 7 . 3 7  t 2 7 . 2 3  t 2 7 . 3 1  t 2 8 . 7 5  t
C - 6 3 9 . 8 2  t 3 9 . 8 2  t 3 9 . 7 2  t 3 9 . 7 2  t. 3 9 . 5 8  t. 3 9 . 6 2  I 3 9 . 8 2  t
C - 7 5 8 .  58 .1 5 8 . 2 3  a 5 8 . 4 7  0 5 8 . 4 7  a 5 8 . 7 9  a 5 8 . 7 7  n 1 3 2 . 2 6  a
c - n 6 6 . 8 2  d 6 3 . 3 8  d 6 6 . 7 4  d 6 6 . 7 4  d 6 6 . 9 1  d 6 6 . 8 7  d 1 3 0 . 3 0  d
0 - 9 6 9 . 3 6  d 7 2 . 3 4  d 6 9 . 3 4  d 6 9 . 3  4 d 6 8 . 7 1  d 6 8 . 8 8  d 6 7 . 1 0  d
C - 1 0 U . 8 8  t 4 2 . 4 9  t 4 4 . 8 6  t 4 4 . 8 6  t. 4 4 . 7 5  t 4 4 . 7 5  t. 46.86 t
C - 1  1 1 / . 6 . 1 1  3 1 4 5 . 6 2  a 1 4 5 . 9 2  a 1 4 5 . 9 0 1 4 5 . 8 6  a 14 5 . 9 0  a 1 4 7 . 8 0  n
C - I I q 6 0 . 5 5  d 6 0 . 4 8  d 6 0 . 4 6  d 6 0 . 4 6  d 6 0 . 3 1  d 6 0 . 3 7  d 6 0 . 2 6  d
c -12 1 2 2 . 8 6  d 1 2 2 . 7 9  d 1 3 0 . 0 1  d 1 30 . 01)  d 13 3 . 4 6  d 1 3 3 . 3 0  d 1 2 1 . 0 6  d
C - 1 3 1 3 0 . 2 2  d 1 3 0 . 2 0  d 1 2 8 . 9 9  d I P ' 3 . 0 0  d 1 2 5 . 8 0  d 1 2 6 . 2 9  d 1 3 1 . 0 0  d
C- 1 / * 1 2 / . . U  d 124.10 d 6 3 . 1 8  d 6 3 . 2 2  d 7 8 . 2 9  d 7 8 . 7 6  d 1 2 4 . 3 5  d
C- 1  5 1 3 8 . / , 3  3 1 3 8 . 4 7  a 5 7 . 4 5  a 5 7 . 4  5 a 7 2 . 4 0  a 7 2 . 4 3  r. 1 3 8 . 1 2  n
C - 1 6 1 8 . 5 2  q 1 8 . 5 1  q 2 4 . 5 6  q 2 4 . 5 6  q 2 5 . 9 2  q 2 6 . 2 6  q 1 8 . 5 6  q
C - 1 7 2 6 . 0 9  q 2 6 . 0 8  q 1 8 . 7 0  q 2 2 . 7 7  q 2 3 . 5 6  q 2 3 . 8 2  q 2 6 . 0 7  q
C- 1  8 1 7 . 0 2  q 1 7 . 0 5  q 1 7 . 0 1  q 1 7 . 0 1  q 1 6 . 8 6  q 1 6 . 9 3  q 1 6 . 9 5  q
C - 1 9
OAc
1 1 5 . 6 0  t, 1 1 6 . 1 7  t  
1 7 1 . 0 0  n 
21 . 2 8  q
1 1 5 . 6 8  I 1 1 5 , 6 8  1 1 1 5 . 5 4  t. 1 1 5 . 6 3  1. 1 1 4 . 1 7  t,
Spectra were recorded in CDCl^ at 75 
are given in S units. Assignments of 
of 60 and 61 were obtained in 5% CD^
./,, MHz with He,Si as internal standard. The values A
niultip].ots were made by DEPT experiments. Spectra 
CD in CDCl_ .
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Table 20, Results of NOEDS Experiment with Asterospicin (29) 
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7,8 was assigned on the basis of te Overhauser enhancement observed be­
tween Me-18 and H-9 and the lack of any NOE between Me-18 and H-8 . The 
trans configuration of the ring fusion was established by the following: 
(a) the observation of an NOE effect between H- 8  and H-Aa; (b) the 
Overhauser enhancements observed between Me-18, H-9, and H-lla; (c) the 
similarities of the coupling constants = 4,5 Hz) observed for
56 and 7,8-dihydro-7a,8a-epoxyxeniolide-A (50) (see Table 18); (d) the 
absence of any NOE between H-lla and H-4a. The a configuration of the 
C-1 to C-4 oxygen bridge was assigned on the basis of the W-coupling (J 
= 1.9 Hz) observed between H-3 and H-4a and the Overhauser enhancement 
between H-3', H-5', and H-lla. In 4B,lg-configuration, none of these 
Overhauser effects or the W-coupling between H-3 and H-4a would be 
expected.
The structure of 56 was confirmed further when it was found chat 
treatment of 7,8-dihydro-7a,8a-epoxyxenialactol (44) with acetic acid, 
produced compound 56. The mechanism of the latter conversion is shown 
in Scheme 5
Structure elucidation of 14,15-Dihyro^l4Ç,15Ç-epo^asterospicin-l (Jfi) 
and 14,-15-Dthydro-14Ç,i5Ç-epo:^astero8picin-2 (52):
The CHCL^ extract of Scheme 1 was chromatographed over silica gel. 
Repeated chromatography on silica gel of fractions 3-7 (Scheme 2) led to 
an 8 mg fraction that when subjected to HPLC gave 3 fractions, one of 
which was resolved by HPLC using a reverse-phase C^g column and Me0 H-H2 0  
(6:4) to yield two fractions, 0.3 mg each, of pure 14,15-dihydro- 
14Ç,15Ç-epoxyasterospicin-l (56) and 14,15-dihydro-14a,15a-epoxyastero-
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spicln-2 (52) as colorless oils. The molecular formula C2 QH2gO^ (7 
unsaturations) was obtained for ^  from the following spectral data: (a) 
Che highest mass peak in the low resolution mass spectrum was observed 
at 348 corresponding to (b) the NMR spectrum (Figure 48) contains 
27 non-exchangeable and one exchangeable protons; (c) the IR spectrum 
showed a broad hydroxyl band at 3500 cm (d) the NMR spectra of § 8  
indicated the presence of 2 0 carbons including a carbon deshielded by a 
secondary hydroxyl group,* 69.34 ppm (C-9, d), 4 other carbons de­
shielded by oxygens (corresponding to two epoxide groups), 58.47 ppm (C- 
7, s), 66.74 (C-8 , d), 63.18 (C-14, d), 57.45 (C-15, s), and an acetal
carbon. The NMR spectra of 58 revealed the existence of 3 methyls,
3 34 sp methylenes and one exocyclic terminal methylene, 6 sp methines
and 2 sp^ methines, and 4 quaternary carbons. Analysis of the de­
coupling experiments suggested that 58 possesses the same carbon frame­
work as asterospicin except that 58 contains an epoxide group at C-14,15 
rather than a double bond in asterospicin. The and ^^C NMR data of 
58 and asterospicin are similar except for some differences due to the 
presence of an epoxide group at C-14,15 in 58 (see Table 22).
Three methyl singlets were found in the NMR spectrum of 58, one 
of which was assigned to the epoxide methyl group at C-7 on the basis of 
the observation of a w-coupling between it (Me-18; 1.36 ppm) and H- 6  ' 
(1.05) and a W-coupling between Me-18 and H-8 . The other two methyl 
singlets were assigned to the geminal dimethyl groups at C-15 since 
irradiation of H-14 (3.26) ppm in 58 sharpened the two methyls at 1.26
*assignment was made by analogy to other compounds in this series.
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Table 21. ^H and "'̂ C NMR chemical shifts of some signals in 8̂ and 
asterospicin (spectra of both compounds were taken under th’e” same 
experimental conditions).
Ejf c# ii ÊÉ12 6.12 5.73 ppm 12 130.01 ppm 122.86
13 5.73 6.47 13 128.99 130.22
u 3.26 5.86 U 63.18 121.11
1 Ô 1.36 1 .80 15 57.15 1 3s.13






Table 22, H NMR chemical shifts for some signals in and in 
CDCI3 I.spectra of and were obtained under the same experimen­
tal conditions).
ii 52
13 5.73 ppm 5.71
11 3.26 3.27
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Figure 4.8. 300 MHz proton NMR epectrum of in CDCl.
Me
Me-1 6 Me-17
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Figure 49. 300 MHz proton NMR spectrum of g-Q in CDCl,
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and 1.37 ppm and caused a removal of a vicinal coupling from H-13 signal
and also removed an allylic coupling from H-12 signal. Hence, a struc­
ture like asterospicin, but with a modified side chain, was established 
for 58.
The mass spectrum of 52 was identical to that of 58. This
suggested that both 58 and 52 possessed the same molecular formula.
Moreover, the NMR spectra of 58 and 52 are nearly identical (see
Table 19) except that the Me-17 signal in was observed at 18.7 ppm
while in 52 at 22.77. The ^H NMR spectra of and 52 (see Figures 48
and 49) are virtually identical except for some very minor differences
in respect to the ^H NMR chemical shifts of four proton signals, H-3, H-
13, H-14, and H-17 (see Table 22).
Based on the above evidence we concluded that compounds 5S and 52
are epimers in regard to their C-14 configuration. The trans
configuration of the double bond at C-12,13, in 58 and 52 was assigned
on the basis of the magnitude of the coupling constant (Ju = 15.4
"l2,13
Hz). The remaining sterochemical features of 58 and 52 are assumed to 
be identical to those proposed for asterospicin (56), since the ^H NMR 
chemical shifts and J values and NMR data (see Tables 18 and 19) are 
virtually identical for these three compounds (56, 58, and 52) except as 
noted. The configuration at C-14 was not determined for 58 or 52.
Structure elucidation of 14,15—dihydro^14 g,15—dibydroxyas terospicin-1 
(6,0) and
Silica gel chromatography of the CHCL^ extract of Scheme 1 yielded 
9 fractions of which 8 and 9 were combined and rechromatographed on a
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column of silica gel to give 7 fractions. The most polar fraction was 
subjected to HPLC using a silica gel column and hexane-acetone (1:1) to 
give a 3.5 mg of colorless oil* which was resolved further into 2 pure 
compounds 6 Q and by HPLC with a reverse-phase Cjg column and MeOH-H^O 
(25:75) as eluent. The molecular formula C2QHgQ0 g ( 6  unsaturations) was 
deduced for 60 from the following spectral data: (a) the molecular ion
was observed in the field-desorption spectrum at m/z 366 (low resolu­
tion); (b) the high resolution mass spectrum contained a peak corre­
sponding to M^-18 at m/z 348.1909 which was consistent with the formula 
^20^28^5 348.1937); (c) the %  NMR spectrum (Figure 50) showed
signals for 27 non-exchangeable and 3 exchangeable protons; (d) IR ab­
sorption was observed at 3500 cm  ̂ (OH) grocp(s); (a) the ^^C NMR data 
revealed 20 carbons including an acetal carbon, 105.63 ppm (C-1, d), 
epoxide carbons, 58.79 (C-7, s), 66.91 ppm (C-3, d), and 3 carbons each 
deshielded by a single oxygen, 68.71 ppm (C-9, d), 78.29 (C-14, d), and 
72.40 (C-15, s). The ^^C NMR spectra (Figure 51) indicated the presence 
of 3 methyls, 4 sp^ methylenes and one exocyclic terminal ethylene, 6 
sp methines and 2 sp methines, and 4 quaternary carbons. The H and 
^^C NMR data of 6 Q and 61 are very similar (see Figures 50a, 51 and 52) 
except for very minor differences (see Table 23) in the chemical shifts 
due to the configuration of the hydroxyl group at C-14. Comparison of 
the and NMR data of 6 Q and asterospicin (56) (see Tables 18 and
*This oily mixture of 60 and 61 was soluble in CHCLg solution but after 
resolving this oily mixture into 60 and 61 by HPLC, pure 60 and 61 were 
slightly soluble in CHCLg. For this reason, all H and C NMR spectra 
were obtained in a mixture of 5% CDgOD in CDCLg. However, 60 and 61 are 
soluble in excess of CDCLg (see Experimental for H NMR data of 60 and
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(a)




3 3 . 2 8
13 5.81
U 3 . 9 1
(a) n 60 §1 (b)
m 3.29 ppm 
5 . 8 2  
3 . 9 2
for some Signals of
NMR Chemical
0# 60 §1
12 133.4-6 ppm 133 .30
13 125.80 1 2 6 . 2 9
u 7 8 . 2 9 78. 76
16 2 5 . 9 2 2 6 . 2 6
17 2 3 . 5 6 2 3 . 8 2
Table 2^. (a) i:MR Chemical Shifts for some Signals of
56 and 60 in CDCl . (d) K'-IR Chemical Shifts for some
Signals o f  gg  and |Q.
R§ l§ ( b ) ca IÉ 6 g
12 5.73ppm 6 . 0 8  ppm 4 8 8 . 2 6  ppm 8 7 . 7 8  ppm
13 6 . ^ 7 5 . 8 6 1 2 1 2 2 . 8 6 1 3 3 . 4 6
U 5 . 8 6 4.0 13 1 3 0 . 2 2 1 2 5 . 8 0
16 1 .80 1.15 14 1 2 4 . 1 4 7 8 . 2 9
17 1 . 7 8 1 . 2 5 15 1 3 8 . 4 3 7 2 . 4 0
16 1 8 . 5 2 2 5 . 9 2
17 2 6 . 0 9 2 3 . 5 6
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19) suggested that both 60 and asterospicin (§6 ) possess the same carbon 
skeleton and they differ only in the structure of the side chain at C-4. 
The and NMR chemical shift differences between 6 Û and astero­
spicin (56) are shown in Table 24. The structure of 6 Q was also
confirmed by DOS, COSY, and homonuclear 2-DJ spectroscopy (see Figures 
50-54). The assignment of the geminal dimethyl groups at C-15 in M  was 
established by a COSY experiment (see Figure 53b) in which off-diagonal 
peaks indicated a 4-bond spin coupling between the two methyl signals at 
1.09 and 1.18 ppm.
The stereochemistries at C-4a, C-7,8 , C-9, and C-lla were estab­
lished by NOE experiments. The results of these experiments were simi­
lar CO the KOH results obtained for asterospicin (56). Thus, 60 has the 
same stereochemistry as asterospicin (56). It was not possible to de­
termine the configuration of the hydroxyl group at C-14 in 60 or 61 by 
NMR spectroscopy.
The proposed structures of 60 and 61 were further confirmed when 
xenialactol (8 ) was treated with m-chloroperbenzoic acid and 4 products 
were obtained, two of which were identified as 60 and 61, see Scheme 
6 . Compound 45 is 7 ,8-dihydro-7a,8o-epoxyxenialactol and contains a 
peroxide group at C-15. Compound 44 is the 7,8-dihydro-7a,8a-epoxy- 
xenialactol (44), a natural product which is also isolated from this 
organism and discussed above. The formation of 60 and 6 i from 
xenialactol (8 ) can be explained by the mechanism shown in Scheme 6 .
The NMR spectrum (see Figure 55) of 45 was nearly identical to 
that of 44 except for some signals which appeared at slightly different 
chemical shifts, (H-12) 5.89 ppm, (H-13) 6.26, (H-14) 5.69, (Me-16 and
17 Me-18HO
Me -16OH
Me-17H - 1 2
iHe-T71I-Ü ,He-l6
5 Hz1/. Hz27 Hz
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Figure 50. (a) 300 MHz  ̂H NMR spectrum of 6g in coci. +5^ CD^OD. (b-ra) Slices from homo- 
















Figure 51. (a) 75.4 MHz broadband H decoupled '^C KHR spectrum 
of in CDClj + CDjOD 5p. (b) all protonated carbons, (c) methine 
carbons, (d) methylene carbons, (e) methyl carbons. Spectra b-e 
were recorded at 75.4 MHz in cDCl^ t CD.OD 5!! and resulted from 
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Figure 5Aa. Contour plot of the  ̂H COSY spect­
rum (dovmfield region) of §Q in CDCl^ + GD^OD
5% at 300 MHz.
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Figure 5/+b. Contour plot of the  ̂H COSY 
spectrum (highfield region) of §Q in CDCl^ 
I CD^OD 5^ at 300 MHz. Off-diagonal peaks 
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Figure 5Ô.. (a) 75.4 MHz broadband decoupled NMR spectrum of k% in 
CDCly (b) ail protonated carbons, (c) methine carbons, (d) methylene 
carbons, (e) methyl carbons. Spectra b-e were recorded in CDCi^ at 75.4 
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Me-17) 1.28. Hence, a structure like could be postulated with a 
minor difference in the side chain. The NMR spectrum (see Figure
56) of A5 was also similar to that of except for a shift in the C-14, 
C-15, C-16, and C-17 signals to 140.60, 74.83, 25.87, and 25.96 ppm, re­
spectively. These shifts are consistent with the 8-effects from having 
a peroxide group at C-15. Thus, the presence of peroxide group at C-15 
in 65 was confirmed (see discussion of 62). Reaction of 65 with zinc 
dust in acetic acid in an attempt to reduce the peroxide group to an 
alcohol gave asterospicin (5&). This can be explained, since in acidic 
solution 65 can undergo dehydration after reduction to give asterospicin 
(56).
Structure elucidation of 3-a-aydrony-7,8-deepony-7,S-dehydrc-asterc- 
spicin (62):
The CHCLg extract, fraction F ’ of Scheme 3 was chromatographed
over silica gel. One of the fractions eluted with hexane-acetone (7:3), 
fraction 14, was subjected to HPLC to give 2.2 mg of 3-a-hydroxy-7,8- 
deepoxy-7,8-dehydro-asterospicin (62) as a colorless oil; UV (EtOH)
235 nm (e = 15119). The molecular formula C2QH2 gO^ (7 unsaturations) 
was established for 62 from the following data: (a) a peak corre­
sponding to the molecular ion was detected in the field-desorption mass
spectrum at m/z 332; (b) the high resolution mass spectrum exhibited an
ion corresponding to M^-30, m/z 302.18377 which is in agreement with the 
formula C^gH2 gOg (calculated, 302.18820); (c) the NMR spectrum
(Figure 57) exhibited signals for 20 carbons including a carbon de­
shielded by a secondary hydroxyl group,* 67.1 ppm (C-9, d) and a
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hemiacetal carbon, 93.51 ppm (C-3, d) and an acecal carbon, 103.4 ppm 
(C-1, d); (d) the NMR spectrum (see Figure 58) showed signals for 26
non-exchangeable and 2 exchangeable protons; (e) IR absorption was ob­
served at 3450 cm  ̂ (OH) group(s). The ^^C NMR spectra (Figure 57) 
revealed the existence of 3 methyls, 3 sp^ methylenes and one exocycllc 
terminal methylene, 5 sp^ methlnes and 4 sp^ methines, and 4 quaternary 
carbons. The presence of hydroxyl groups were confirmed by the acétyla­
tion of 62 to give the expected 3,9-diacetate 63 in which two proton 
signals were shifted, H-9 signal from 4.69 to 5.61 ppm and H-3 signal 
from 5.04 to 6.10 ppm. In addition, the 1,9-diacetate 6A was obtained.
Analysis of the results of the ^H difference decoupling spectro­
scopy (DOS) experiments (see Table 25) Indicated that compound 62 pos­
sesses the same carbon skeleton as asterospicin (56).. The and 13C
MMR data of 62 and asterospicin (see Tables 18 and 19) are similar ex­
cept for some differences (see Table 26) which reveal that 62 possesses 
a hydroxyl group at C-3 and a double bond at C-7,8 .
When 62 was acetylated using a mixture of acetic anhydride- 
pyridine, two diacetate derivatives were obtained (see Figures 59 and 
60). The first diacetate §3 was the expected derivative but the second 
diacetate was identified as a rearranged product 64 (see Scheme 7). The 
structure of compound 64 was established by ^H DOS experiments and by 
analysis of the low resolution mass spectrum data (see Scheme 8). The 
presence of an aldehyde group in 64 was confirmed because when the 
proton signal at 9.63 ppm was irradiated, the H-4a signal was sharpened 
and vice versa. The proton signal at 6.10 ppm was assigned to the
Table 25. Results of  ̂H Difference Docouplinp (DDS) Experiments with (§|)
Irradiated proton, chemical 
shifts, ppm, multlpllcltv (J, Hz) 
H-13, 6.72 tid(15.6, 11)
H-1/,, 5.90 br d(1l)
11-12, 5.76 c1(15.6)
H-1, 5,28 hr 3
H-19’ . 5.2/, d(l .3)
H-8, 5.08 br d{6.7)
H-3, 5.04 br d(l2.1)
•19, 4.94 br □
H-9, 4.69 br m
OH, 2,56 br d(l2,l), oxehangablo 
H-10', 2.46 br dd(l3.7, 5.4)
H-6, 2,22 dt{l2,3, 3.7)
H-6', 1 .99 ddd(l3.4, 12.3, 3.7)
H-5, 1.86 dt{l3.4, 3.7)
Mg-16, He-17, 1,81 br o 
Me-18, 1 ,65 br a
'Spectra were recorded in CDCl^ at 
values are given in ppm doimlield
offoct of H decoupling
H-14, 5.90 br (1(11) — » br s
H-12, 5.76 <1(15.6) — > n
H-13, 6,02 (Id ( I 5.6, 11) — > d(l5.6)
Mo-16, Mo-17, t.PI br s — —^sharpened 
H-13, 6.72 <1(1(15.6, 11) — d(l1)
H-lla, 1 . '/6 hr dd(3.7, 3) sharpened
H-4a, 1 .7/. br d d ( 10,5, 3.7)  ^ ohnrponed
H-19, 4.94 br s ^  sharpened
H-11 a , 1.96 br dd(3.7, 3) ^ sharpened
H-9, 4.69 br m — > br t
Me-18, 1.65 br 0 — ^ sharpened
H-6', 1.99 ddd(13.4. 12,3, 3.7) — ^  sharpened
OH, 2,56 br (1(12,1) ——  ̂br s
H-19' . 5.24 (1(1.3) — s
H-10', 2 .46 br dd(13.7, 5.4) — ^  sharpened 
H-10, 2.42 br d (13,7) — V sharpened 
H-lla, 1,76 br <1 d ( 3,7, 3) — sharpened 
H-10, 2.42 bi' d ( 1 3.7) — ^ sharpened 
H-10', 2.46 br dd(l3.7, 5.4) — 4  br d(l3.7)
H-8, 5.OR br d (6,7) --^ br s
H-3, 5.04 br d(12.1 ) — > s
H-9, 4.69 br 11 -- > br d (6,7)
H-19, 4.94 br s ^ sharpened
H-19', 5.24 d (1.3) — > sharpened
H-6', 1.99 ddd(13.4, 12.3, 3.7) ~ 4 d d ( l 3 . 4 ,  3.7)
11-5, 1.86 dl,(13.4, 3.7) — »dd(13.4, 3.7)
H-5', 1.41 tdd(13.4, 10.5, 3.7) — > td(l3.4, 10.5)
H-6, 2 .2 2  di,(l2.3. 3.7) — > t(3.7)
H-5. 1,86.11(13.4. 3 .7 ) -4dd ( l 3 . 4 ,  3.7)
H-5', 1.41 tdd( 13.4, 10.5, 3.7) — 4  ddd(13.3, 10.5, 3.7) 
H-8, 5,OR br <1(6.7) — >• sharpened
H-5', 1.4! tdd(13,4 , 10.5, 3.7) — > ddd(13.4, 10,5, 3.7) 
H-6, 2.22 .11(12.3, 3.7) dd(13.4, 3.7)
H-6' , 1.99 ddd(l3.4, 12.3, 3.7) — > dd(13.4, 12,3)
H-1 4, 5.90 bï- d(1 1 ) — ^ sharpened 
H-8, 9,08 br <1(6,7) — ^ sharpened
300 MHz v:ith Me^Si as internal standard. The 
from TMo.
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Table 26. (a)  ̂H NMR Chemical Shifts Differences between 
§2 and (b) Carbon-13 NMR Chemical Shifts Differences 
between 62 and ^6
(a) Hg ii ( b )  Ci^ 6 2 2§
3' 5 . 0 A 3 . 9 6 1 1 0 1 . 1 1 0 5 . 6 1
3 2 . 5 6  ( O H ) 3 . 3 5 3 9 3 . 5 1 6 7 . 3 7
5' 1.11 1.53 1 90.1 8 8 . 2 6
o' 1.99 1.05 7 1 3 2 . 2 6 5 8 . 5 8
8 5 . 0 8 2.75 8 131 .0 6 6 . 8 2
9 1 . 6 9 3 . 7 1 9 6 7 . 1 6 9 . 3 6
10' 2 . 1 6 2 . 5 8
11a 1.76 2.15
13 6 . 7 2 6 . 1 7
1 8 1 .65 1.38
19 1 . 9 1 5 . 1 1
19' 5 . 2 1 5 . 3 3
6 ' 1 . 9 9 1 .05
Ho..
--OH pyridine' 













Figure 5 7 . (a) 75.4- HHz broadband H decoupled  ̂ iliMR spectrum 
of in CDCl^. (b) all protonated carbons. (0 ) methine carbons, 
(d) ..ethylene carbons, (e) methyl carbons. Spectra b-e were rec­
orded at 75.4. MHz in CDCl^ and resulted from a DEPT experiment.
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Figure 60. 300 MHz proton MMR spectrum of §6 in CDCl..
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acetylated hemiacetal group (H-1) on the basis of the chemical shift 
observed for the H-1 signal between 62 and 64*
The sterochemical features of 62 were established by NOE expe­
riments. The E configuration of the C-7 , 8 double bond was confirmed by 
the observation of an NOE effect between Me-18 and H-9 and the lack of 
any NOE between Me-18 and H-8 . The trans ring fusion (H-lla, H-4a) was 
assigned because of the similarities of the J values observed for the 
coupling constants (Jjĵ g 4a ~ ^ Hz) and of the NMR chemical shifts 
of C-4a and C-1la (see Tables 18 and 19) for §2 and asterospicin. The a 
configuration of the hydroxyl group at C-3 was established on the basis 
of the observation of an NOE effect between H-3 and H-5' and the absence 
of any '//-coupling between H-3 and H-4a. The a configuration of the 
bridge-head oxygen was also assigned by the Overhauser enhancement ob­









Possible Mass Spectral Fragmentation Pathways for 64.
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Structure elucidation of Asteroepiculin
The fourteenth fraction (250 mg) of Scheme 4 was chromatographed by 
HPLC using silica gel and hexane-acetone (82:18) to give 9 fractions. 
The fourth of these fractions was subjected to HPLC using a reverse- 
phase Cĵ g column and Me0H-H2 0 (7:3) as eluent to yield two fractions. 
The first fraction contained a known compound [13-epi-9-0-deacetyl- 
xenicin (3)]. The second fraction contained 90 mg of pure astero- 
spiculin (65) as a viscous oil: [ajp^-163.37° (c. 0.51, CHCLg); UV
(EtOH) 241 nm (e = 15900). The molecular formula C2 gKggOy ( 8
unsaturations) was established for 65 from the analysis of the field- 
desorption mass spectrum (M*” at 462, 0 2 ^11 3 3 0 7) and high resolution mass 
spectrum (M'^-IS, obs, 444.2518, calcd, 444,2512, CggHggOg). The ^^C NMR 
spectra (Figure 61) revealed the presence of 6 methyls, 5 so^ methylenes 
and one exocyclic terminal methylene, 3 sp^ methines and 4 sp“ methines, 
and 4 quaternary carbons, in addition to 3 carbonyl carbons. The IR 
spectrum exhibited a broad hydroxyl band at 3450 and acetate(s) band at 
1730 cm The ^H, ^^C, and croæ-heterocorrelated 2-D NMR spectra
(Figures 61-64) of 65 indicated the existence of three acetate groups. 
The analysis of ^^C and cross-heterocorrelated 2-D NMR spectra (Figures 
61 and 64) suggested the presence of 4 carbons each deshielded by a sin­
gle oxygen, 72.44 ppn (C-9, d), 70.81 (C-15, s), 64.95 (C-1, t), and 
60.95 (C-3, t). The three acetate groups were assigned to C-1, C-3, and 
C-9 on the basis of the NMR chemical shifts observed for (H-1 and H- 
1'), (H-3 and H-3'), and (H-9), respectively and by analogy to other 
compounds in this series. The hydroxyl group in was connected to C- 
15 on the basis of the similarities of the ^^C NMR chemical shifts
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observed for C-15 in ^5 and in other compounds of this series. (see 
Tables 28, 8 , and 5). Analysis of the results of the difference de­
coupling (DDS) and COSY experiments (see Figure 63) suggested that 65
, Me _contained 4 double bonds (— CH=CH-CH=C  —  CH=C   CH2=C ) incorpo­
rated in partial structures A and C while the remaining carbons were as­









H- 8  in partial structure A was found to be coupled allylically to 
H- 6  (see Figure 63) in partial structure B. Therefore, C-7 was con­
nected to C-6 . The proton signal at 2.27 ppm (H-4a) was coupled to H-lla 
signal (Jjjg “ 10.7 Hz). This suggested Chat C-lla could be joined 
to C-4a (see Figure 63). Thus, a 9-membered-ring carbocyclic partial 
structure E was constructed.
AcO OAc11a>
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In the COSY spectrum (Figure 63) of 65, off-diagonal contours 
clearly indicate a small allylic coupling between H-4a and H-12. This 
proved C-4a, C-4 linkage and extended partial structure E into F.
AcO. >Actk'
The proton signals at 4.75 ppm (H-3) and 4.69 (H-3’) which comprise 
an AB spin system (partial structure D) were found to have allylic cou­
plings with H-12 signal as shown in COSY spectrum (Figure 63). There­
fore, C-4, C-3 connection was fixed and the structure of 65 is
established.
The stereochemical features of 65 were established by NOE 
experiments (see Table 29). The E configuration of C-7 , 8 double bond
was confirmed by the observation of an NOE effect between Me-18 and H-9
signals and the absence of any enhancement between Me-18 and H- 8  sig­
nals. Overhauser enhancements were also observed between H-9, H-lla, 
and Me-18. This suggested that H-9, H-lla, and Me-18 are on the same 
face (3 face). Irradiation of H-4a signal enhanced both H- 8  and H-12 
signals. This observation led to the conclusion that H-4a and H- 8  are 
on the same face (cr-face). The trans configuration of the ring fusion
Table 27. Proton MMR Data of Astero:
65
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Table 28.  ̂ NMR Data of Asterospiculins
Cn § § É9
C-1 64.95 t 64.66 t 63 .2 7  t
C-3 6 0 . 9 5  t 60,4 t 5 9 . 3 1  t
c-4 137.87 s 137.6 s 6 7 . 9  s
C - 4& 4 6 . 9 2  d 46.96 d 3 7 . 8 9  d
C-5 3 3 . 2 9  t 31.47 t 2 7 . 1 6  t
C - 6 3 9 . 7 5  t 3 8 . 1 9  t 3 9 . 0  t
0-7 138.01 s 5 9 . 8 5  s 5 9 . 6 0  s
C-8 124.03 d 6 3 . 5 4  d 63.41  d
C-9 72.44 d 7 2 . 3 4  d 7 2 . 3 3  d
C-10 3 6 . 5 8  t 3 2 . 5 7  t 32 .1 9  t
C-11 142.16 s 143.4 s 1 3 9 .5  s
C-lla 5 2 . 3 7  d 5 2 .2 9  d 5 1 . 2 1  d
C-12 130.99 d 131.21 d 60.79 d
0-13 121.52 d 121.31 d 120.66 d
C - U 143.68 d 144.16 d 144.52 d
C-15 70.81 s 70.87 s 70.64 s
G - l o 2 9 . 7 3  q 2 9 . 7 5  a 30 .0 3  q
C-17 2 9 . 7 3  q 2 9 . 7 5  q 29 .9 9  qC-1 8 1 9 . 4 9  q 1 9 . 7 7  q 1 9 . 6 3  q
C-19 120.12  t 123.62  t 122.0 t
OAc 1 7 0 . 9 4  s . 1 7 0 . 9 3  s . 17 0 .5 2  s.
170.61 s. 1 7 0 . 5 7  s . 1 7 0 . 8 5  s ,
1 7 0 . 5 7  s . 170.49 s. 20,8 q ,
21.3 q, 
2 0 . 9 7  q ,  
2 0 . 8 9  q
2 1 .2 5  q ,  
20.98  q ,  
20.88  q
21.2  q
■"'Spectra were recorded in CDCl^ at 75.4- MHz. Assign­
ments were made by a heterocorrelated 2-D experiment. 
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Figure 62. 300 MHz proton NMR spectrum of §5 in CDCl
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Fieure 6j, Contour plot of COSY spectrum of in CDCl^ at 300 
MHz. Off-diagonal peaks confirm direct proton spin-coupling 
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Figure S4.‘ Contour plot of the hetoronucl.ear correlated 2-D spectrum of ^5 in 
CDClj nt 75 . i MHz NMR. Carbon-13 chemical sliift is plotted along the vertical 
direction, and proton chemical shift is plotted in the horizontal dimension. 
Tills 2-D spectrum establishes direct connectivities between bonded nuclei.
156
was established on the basis of the observation of NOE effects between 
H-4a/H-8 and H-lla/H-18. The stereochemistry of the diene at C-4, 12, 
13, and 14 was confirmed as Z,E on the basis of the magnitude of the 
coupling constant - 15 Hz and of the observation of Overhauser
enhancements between H-13, H-3, and H-3' and also between H-12 and H-4a 
(see Table 29). Thus, the structure of 65 is completely elucidated.
Table 29. Results of KOEDS experiment with asterosoiculin (65) 
in at 33: XR=.
?roton(s) irradiated Proton(s) enhanced
Ee-16 and Me-17 H-1 4 12
H-1 3 8
Me-18 H-9 13






H-12 H-1 4 11
H-4a 10
157
Structure elucidation of 7,8,-Dihydro-7a,8a-epoxyasterospiculin (g§):
The fourteenth fraction (250 mg) (see Scheme 4) was chromatographed 
by HPLC with silica gel and hexane-acetone (82:18) as eluent to give 9 
fractions. The ninth of these fractions was resolved by HPLC using a 
reverse-phase Cĵ g column and MeOH-HgO as a mobile phase to yield two 
fractions. The second fraction contained 3.7 mg of âÜ which was 
discussed above. The first fraction contained 1.9 mg of 7,8-dihydro- 
7a,8a-epoxyasterospiculin (6 6 ) as a colorless oil; ÜV (EtOH) 241 nm
(e = 15900). The molecular formula C2 gHggOg ( 8  unsaturations) was 
deduced for 6 6 from the following spectral data: (a) the low resolution
mass spectrum showed a ion peak at 460 (m"*’-H^0); (b) IR (OH) band at 
3440 cn  ̂ and acetate(s) band at 1730 cm (c) the MllR spectrum 
exhibited signals that accounted for 37 non-exchangeable protons; (d) 
the ^^0 ®IR spectra of 6 6 contained signals for 26 carbons including 6  
carbons representing 3 acetate groups,* 2 carbon signals due to an 
epoxide group, [59.85 ppm (C-7, s) and 63.54 (C-8 , d)j, 4 carbons each 
deshielded by a single oxygen, [64.66 ppm (C-1, t), 60.40 (C-3, t), 
72.34 (C-9, d), and 70.87 (C-15, s)j.* The NMR spectra revealed the 
presence of 6 methyls, 5 sp^ methylenes and one exocyclic terminal meth­
ylene, 4 sp^ methines and 3 sp^ methlnes, and 4 quaternary carbons, in 
addition to the three acetate carbonyl carbons.
Analysis of the and NMR data of 6 6 suggested the presence of 
three double bonds (CH2 ^C=CH-CH=CH-), an epoxide group, three ace­
tate groups, and a tertiary hydroxyl group.*
*assignments were made by analogy to asterospiculin (65).
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Comparison of the and NMR data of ÉÛ with the data of
asterospiculin (65) (see Tables 27 and 28) indicated the carbon skeleton 
of 6 6  to be identical with that of asterospiculin (65) except that 6 6  
possesses an epoxide group at C-7,8 . The NMR spectrum of 6 6  (see 
Figure 65) is similar to that of asterospiculin (65) except that the H- 
5, H-6 , H-8 , H-9, and H-18 signals in 6 6  appeared at 1.73 ppm, 1.11, 
3.05, 4.78, and 1.28, respectively.
The proposed structure of 6 6 was established by difference 
decoupling (DOS) and ^H COSY NMR experiments (see Figure 6 6 ).
The geometry of the epoxide group at C-7 , 8 was assigned as trans, 
on the basis of the NOE results (irradiation of Me-18 enhanced H-9) (see 
Table 30). Since the and ^^C NMR data of 6 6 were very close to that 
or asterospiculin (65) (see Tables 27 and 28), we proposed that 6 6  has 
Che same stereochemistry as asterospiculin (65) at C-lla, C-4a, C-4, 12, 
13, 14, and C-9. Moreover, the results of NOE experiment (see Table 30) 
supported these assignments.
The structure of 6 6 was further confirmed when 65 was treated with 
m-chloroperbenzoic acid and 3 products were obtained (85:8:7) (see 
Scheme 9>. The major product was found to be 7,8-dihydro-7a,8a-epoxy- 
asterospiculin (6 6 ), identical in all aspects (NMR, TLC, IR) with the 
natural material. The minor products 62 and 6 S were deduced to be 
dieponides having the same overall structures, 7a,8a-13Ç,14Ç-diepoxy-7, 
8:13,14-teCrahydroasterospiculln, and differing only in the configura­
tion of the epoxide group at C-13,14. The structures proposed for 62 
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Figure 66- Contour plot of H COSY spectrum of §6 in CDCl^ at 
300 MKz. Off-diagonal contours establish direct proton spin- 
couolinr connectivities.
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Table 30 . Results of NOEDS experiment with |6 in CDCl^ at 
300 MHz.
Proton(s) irradiated Proton(s) enhanced ^Enhancement



















sons of their NMR data with that of 65. The configuration of the 
epoxide group at C-13,14 in both 6 Z and was not determined.
Structure elucidation of 4Ç,12Ç:7a,8a-Diepoxy-4,12:7,8-tetrahydro-3-0- 
deacetylasterospiculin (§3):
The CCL^ extract of Scheme 1 was chromatographed on a column of 
silica gel (15 X 6.5 cm). Elution was started with hexane-EtOAc (8:2) 
and the amount of EtOAc was increased stepwise and collecting 25 frac­
tions. The most polar fraction was subjected to HPLC using a silica gel 
column and hexane-acetone (7:3) as eluent to give 3 fractions. The 
third of these fractions contained 2.7 mg of 4g,12g:7u,8a-diepoxy- 
4,12:7,8-tetrahydro-3-0-deacetylasterospiculin (6â) as a white powder; 
[ci]“ 0.0. The molecular formula ^2 4 :1 3^0 ^ (7 unsaturations) was ob­
tained for 62 from the following spectral data: (a) the molecular ion
was detected in the field-desorption spectrum at m/z 452 (low resolu­
tion); (b) the high resolution mass spectrum showed a peak corresponding 
to M^-78 at m/z 374.2125 which was in agreement with the formula 
^22^30^5 (calcd, 374.2093); (c) the NMR spectrum (Figure 67)
exhibited signals for 34 non-exchangeable protons; (d) IR absorption oc­
curred at 3500 cm  ̂ (OH) group(s); (e) the ^^C NMR data indicated the 
presence of 24 carbons including 4 carbons each deshielded by a single 
oxygen, [63.27 ppm (C-1, t), 59.31 (C-3, t), 72.33 (C-9, d), 70.64 (C- 
15, s)l, 4 other carbons deshielded by oxygens, correlating to two 
epoxide groups [59.60 ppm (C-7, s), 63.41 (C-8 , d), 67.90 (C-4, s), 
66.79 (C-12, d), and two carbonyl acetate carbons, 170.52 ppm (s),
170.85 (s). The ^^C NMR spectra (Figure 6 8 ) of 62 indicated the
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existence of 5 methyls, 5 sp^ methylenes and one exocyclic terminal 
methylene, 5 sp^ methines and 2 sp^ methines, and 4 quaternary carbons, 
in addition to the two carbonyl acetate carbons.
Analysis of difference decoupling, and COSY NMR
experiments (see Figures 68-69) suggested the presence of the following 
moieties: two double bonds (CH2 =C:^, -CH=CH-), two epoxide groups, two
acetate groups,* a tertiary hydroxyl group,* and a primary alcohol 
group. The presence of the latter moiety was confirmed by acétylation 
of 62 to give ZQ (see Table 27) in which two proton signals were 
shifted, a-3 signal from 3.86 ppm to 4.39 and H-3' signal from 3.98 to 
4.49.
Comparison of the and NMR data (see Tables 27 and 23) of 62 
with Che data of 66 suggested that 62 has the same carbon framework as 
compound 62. However, 69 possesses an additional epoxide group at C-4,12 
and lacks the acetyl group at the C-3 oxygen. The ^H NMR spectrum of 62 
(see Figure 67) is similar to that of 6 6  except that H-3, H-3', H-4a, H- 
11a, H-12, and H-13 signals appeared at 3.86 ppm, 3.98, 1.72, 2.48, 
3.76, and 5.76, respectively (see Table 27).
The carbon connectivity in 62 was established by DOS and confirmed 
by COSY NMR experiments (Figure 69 exhibits the contour plot of the COSY 
spectrum which confirms direct proton spin-coupling connectivities).
The trans configuration at C-13,14 was assigned on the basis of the
magnitude of the coupling constant observed Jp = 15 Hz. The con-“l3,14
figuration of the epoxide group at C-4,12 was not determined. The E
*assignments were made by analogy to other compounds in this series.
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configuration of the epoxide group at C-7 , 8 was established by NOE, ir­
radiation of Me-18 signal enhanced the H-9 signal. Because %  and 
 ̂ NMR data for 62 were very close to those of compound 6 6  (see Tables 
27 and 28), we proposed that §2 possesses the same stereochemistry at C- 
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Figure 68. (a) 75.4 i-I-i2 broadband H decoupled  ̂ Î!MR spectrum 
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69. Contour plot of the homonuclear correlated 2-D of §2 in 
at 300 MHz. Off-diagonal peaks establish direct proton spin-
connectivities .
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Identification of Ferldlnln (ü):
The nineteenth fraction of Scheme 4 was chromatographed by HPLC 
with a silica gel column and hexane-acetone (75:25) as eluent to yield 6 
fractions. The fourth of these fractions was purified by HPLC using a 
reverse-phase C^g column and MeOH-H2 0 (95:5) as a mobile phase to afford
7.5 mg of a pure orange-red pigment. Preliminary analysis of the ^H and
^^C NMR data of 21 suggested that compound 21 is a member of the 
carotenoid family (see Figures X) and 71). In depth analysis revealed 
that the ^H, ^^C NMR and mass spectral properties of the orange pigment 
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1 1Figure 71. (a) 75.4 MHz broadband C NMR spectrum of peridinin Q1_) in CDCl^. 
(b) ail protonated carbons, (c) methine carbons, (d) methylene carbons, (e) 
methyl carbons. Spectra b-e were recorded in Qpci^at 75.4 MHz and resulted 
from a DEPT experiment.
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Structure elucidation of (22R)-24Ç-Methyl—5a-clU)leatane-3g,5,6B,22,24- 
pentaol 6-Acetate (22):
The twenty-first fraction (0.31 g) of Scheme 4 was chromatographed 
by HPLC with silica gel and hexane-acetone as eluent to give 4 frac­
tions. The most polar fraction (fraction 4) was chromatographed by HPLC 
using a reverse-phase C^g column and Me0H-H2 0 (8:2) as a mobile phase to 
afford two fractions. The first fraction contained 3 mg of asteroxenio- 
lide-A (54), a new compound which was discussed above in this section. 
The second fraction contained 180 mg of 22 as a colorless oil: (“ Ip
-29.2 (c. 0.31, CHCLg). The molecular formula '̂3 0^52*^6 unsatura­
tions) of 22 was deduced from the following considerations: (a) the
molecular ion was detected in the low resolution field desorption mass 
spectrum at m/z 508; (b) the highest mass peak in the high-resolution
mass spectrum was observed at m/z 369.27794 which was in agreement with 
the formula ^25^37*^2’ (calcd. 369.27936); (c) the ‘^C NMR spectra
(Figure 72) exhibited signals for 30 carbons; (d) IR absorptions occur­
red at 3440 cm  ̂ (OH) and 1728 (acetate); (e) the NMR spectrum in 
pyridine showed four exchangeable proton signals. The spectrum
showed signals for 9 methylenes, 9 methines, and 4 quaternary carbons in 
addition to the carbonyl acetate carbon, (this accounts for 48 non­
exchangeable protons). Two of the four quaternary carbons were each 
deshielded by a single oxygen, [77.15 ppm (C-5, s)] and [78.13 (C-24, 
S)], and two other carbons were each deshielded by a secondary hydroxyl 
group,* [69.54 ppm (C-3, d)] and [72.54 (C-22, d)j. The presence of two
*assignments were established by heteronuclaar 2-D experiment.
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secondary alcohol groups In %2 was established by acétylation (see 
Scheme 11) of 22 to give 25 in which two proton signals were shifted 
from 4.07 ppm (3a-H) to 5.14 and 4.07 (H-22) to 5.19 (see Figures 7 3a 
and 74). The NMR spectrum (Figure 7 3a) of 22 in CDCl^ indicated the 
presence of one acetate [2.05 ppm (s)]. Furthermore, the NMR spec­
trum (Figure 7 2) of 22 also confirmed the acetate group, [23.11 ppm 
(0&c, q)] and [169.7 ppm (CU^-^-O, s)J. The NMR spectrum (Figure 
73a) displayed signals for methyl groups typical of a sterol with an ad­
ditional methyl group in the side chain: 0.70 (s, C-18), 0.85 (3H, d, J
= 7.5 Hz, C-27), 0.95 (3H, d, J = 7.5 Hz, C-21), 0.98 (3H, d, J = 7.5 
Hz, C-26), 1.07 (s, C-28), and 1.14 (s, C-19). The broad signal at 4.06 
ppm in 22 suggested a 3c proton ^Ith a hydroxyl group being at 3p 
position. The lower chemical shift observed for 3c-H signal was attrib­
uted to the deshielding effect from having an axialo cr hydroxyl group.^ 
The machine proton signal which was observed at 4.71 ppm (6 a-H) was de­
shielded by an acetate group (hydrolysis of 22 gave 23 in which H- 6  
signal was shifted to 3.52 ppm). H- 6  in 22 was established to be in an 
equatorial position on the basis of the coupling constants (J = 3 Hz) 
observed between H- 6  and both 7 a-H and 7g-H signals. The assigned loca­
tion of the acetylated hydroxyl group in J2 was confirmed by a single 
frequency on-resonance decoupling experiment in which H- 6  signal in the 
NMR spectrum was selectively irradiated while observing fully
coupled spectrum. The result showed a sharpening in C-5 signal which 
confirmed the C-5 , 6 connection and established the assignment of C-5.
The high resolution mass spectrum of 22 displayed a fragment ion at 
m/z 123 which was consistent with the formula CgH^g. This ion core­
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sponded to the loss of rings A+D plus 2H2O (M‘*'-2H2 0 -rings A+D) which led 
to the conclusion that the side chain in Z2 consisted of 9 carbons. 
Moreover, a peak was observed at m/z 131 for CyH2g0 2  which corresponded 
to a cleavage between C-20 and C-22 (see Figure 76). This suggested 
that two of the four hydroxyl groups in 2 2 were present in the side 
chain from C-22 onward. The latter formula (C2HJ5O2 ) presumably 
contained 2 hydroxyls and an isopropyl group connected to a blocked po­
sition (see Figure 76). Tne presence or an isopropyl group in ^2 was 
established by difference decoupling experiments in which the latter 
moiety was also confirmed to be next to a blocked position [irradiation 
at 2.03 ppm (H-25) collapsed only the two doublets at 0.98 ppm (Me-26) 
and 0.85 (Me-27) to two singlets]. Based on the above spectral data, 










To determine which of these structures, A or B, was present in 22, an 
oxidation reaction was performed (see Scheme 10) on %2 using Jones re­
agent which produced a diketone ZA whose NMR spectrum lacked the two 
methine proton signals due to H-3 and the side chain -CHOH-, but con­
tained two AB patterns which were consistent with the expectations for 
the two isolated methylene groups at C-4 and C-23 of the oxidized form 
of a sterol with side chain A above. This was consistent with the
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presence of two acetylatable hydroxyl groups in Z2 at C-3 and C-22. 
Therefore, partial structure A is the correct one. The low resolution 
mass spectrum of 24 was also consistent with this structure (see Figure 
77). Therefore, the location of the secondary hydroxyl groups in 22 
were fixed to C-3 and C-22. The high resolution mass spectrum of 22 was 
fully consistent with the proposed structure (see Figure 76).
Hydrolysis of 22 with KOH in aqueous ethanol gave the pentaol 22 
(see Scheme 10), the 6-hydroxy derivative of 22- The NMR spectrum of 
23 in CDCLj was similar to that of 22 except that 22 lacked the acetate 
group methyl signal at 2.05 ppm and the H- 6  signal was shifted to 3.52 
ppm. This further confirmed that C- 6  bore the acetate group in 22. The 
NMR spectrum of 23 in pyridine-d^ revealed the presence of 5 hydroxyl 
groups (exchangeable signals at 5.29 (s), 5.92 (s), 6.16 (d, J = 4.5 Hz, 
coupled to H-6 ), 6.07 (d, J = 3 Hz, coupled to H-3), and 6.03 (d, J =
4.5 Hz, coupled to H-22). The ^^C NMR spectra (see Figure 78) and the 
low resolution mass spectrum of 23 supported the structure of 23 (see 
Figure 79).
Oxidation of 23 using Jones reagent (see Scheme 10) gave 3,6,22- 
triketone 2É whose ^H NMR spectrum lacked the three methine proton 
signals due to H-3a, H-6 a, and H-22 and contained signals assignable to 
H-4a, and H-4g, AB system at 2.28 ppm and 2.92; to H-23 and H-23 ', AB 
pattern at 2.50 ppm and 2.66; and to H-7a (2.73 ppm) and H-7g (2.18 
ppm), part of an ABM system (see Figure 80 and Experimental). The low
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resolution mass spectrum of ZÛ was in full agreement (see Figure 81) 
with the structure 26.
The configurations of the hydroxyl group in 22 at C-24 was not 
determined. However, the configuration at C-22 could be assigned as 22R 
on the basis of the coincidence of the ^^C chemical shift of C-20 (42.5 
ppm) in 22 with that reported for C-20 (40.3)* in ( 228 )-22-hydroxy cho­
lesterol (cf. 42.6 for C-22 in (22R)-22-hydroxycholesterol)*
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Figure 72. (a) 75. A MHz broadband ”'^C NMR spectrum of 2J in 
CD-OD. (b) all protonated carbons, (c) methine carbons, (d) 
methylene carbons, (e) methyl carbons. Spectra b-e were record­











Figure 73. 300 MHz proton NMR spectrum of 72 in CD„OD.
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Figure 74. 300 MHz proton NMR spectrum of 25 in coci^ .
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SUMMARY
Seven known compounds and twenty-one new compounds have been isolat­
ed from Asterospiauîar^a randaZVL, Six of the seven known natural products, 
13-epi-9-0-deacetylxenicin (3), xenialactol (8 ), xeniolide-A (7), xeniolide- 
B (13), xeniolide-B 9-acetate (14), and 7,8-dihydro-7a,8a-epoxyxeniolide-B 
(15), have been isolated previously from Xenia maarospiaulata and Xenia 
ODsauronata. The seventh known compound, peridinin (7^ , ,has been isolated 
from various marine and fresh-water dinoflagellates (Chart 2).
One of the twenty-one new compounds described is the novel steroid 72. 
Compound 40 is the 7a,8a-epoxide of the known 13-epi-9-0-deacetyIxenicin
(3). Isoxenialactol (42) is the geometric isomer at C-12 of the known 
xenialactol (8 ). Compound 43 is the 9-Acetate and compound 44 the 7c,8 a- 
epoxide of the known xenialactol (§) . Compounds 47, 49, and 50 are the
9-deoxy, 9-deoxy-7a,8a-epoxy, 15-dehydroxy-15-acetoxydioxy, and 7a,8a- 
epoxy analogs of the known xeniolide-A (7), respectively. Compound 52 
possesses the same carbon skeleton as xeniolide-A (7), but it contains a 
hydroxyl group at C-13 rather than at C-15, there is a hydroxyl group at 
C-18, and the hydroxyl group at C-9 is acetylated. Compound 54 is the 18- 
deoxy-9-O-deacetyl analog of compound 52. Compound 55 is the 9-acetate of 
asteroxeniolide-A (54) . Asterospicin (56) has a novel tricyclic skeleton 
which possesses a 9-membered-ring as in any other compound in this series. 
Compounds 58 and 59 are epimeric 14,15-epoxides of the asterospicin (56). 
Compounds 50 and appear to arise from ring opening of the 14,15- 
epoxides 58 and 59, respectively and are epimeric at C-14. Compound 52 is
189
similar to asterospicin, but lacks the epoxide group at C-7,8 and contains 
an additional hydroxyl group at C-3. Asterospiculin (65) is a novel 9-inember- 
ed ring carbocyclic diterpenoid compound. Compound 6 6 is the 7a,8a-epoxide 
of asterospiculin (65). Compound 69 is similar to 7a,8a-epoxyasterospiculin 
(65), but has a free alcohol group at C-3 and contains an additional epoxide 
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Melting points were taken on an A.H. Thomas Unimelt apparatus and 
are uncorrected. Infrared spectra were taken on a Perkin-Elmer 2 98 
spectrophotometer. Ultraviolet spectra were taken in ethanol on a 
Perkin-Elmer lambda 3 UV/VIS spectrophotometer. Optical rotations were 
recorded on a Perkin-Elmer 141 polarimeter. Low resolution mass spectra 
were taken on a Hewlett-Packard 5985B GC/MS system. High resolution 
mass spectra were obtained on CEC-110 (Dupont, Monrovia, CA) spectrom­
eter. SHS spectra were acquired on a Varin &-300 spectrometer In the 
solvents specified; signals are reported in parts per million (6 ) 
downfield from internal tetramethyIsilane. The chromatographic adsor­
bent used was Brinkmann silica gel 60 (230-400 mesh). Thin layer chrom­
atograms were run on precoated Macherey-Nagel polygram sil G/UV2 5 4  (0.25 
mm) plates. A sulfuric acid-vanillin spray was used to visualize TIC 
plates. Some chromatographies were run on a Hitachi CLC-5 centrifugal 
preparative liquid chromatograph. Altex 5-p particle 9.6 mm X 25 cm 
preparative silica gel (Li Chrosorb 60) and Adsorbosphere 5- p particle 
9.6 X 25 cm reverse phase Cjg columns were used for HPLC separations.
Extraction and partition procedure of the first collection; The 
freshly thawed soft coral, Asterospioularia randalli, collected and 
shipped frozen from Guam Is. in May of 1979 was allowed to soak in etha­
nol (4 liters) for 24 h, and then in a mixture of MeOH-CHCLg (1:1) ( 8
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liters) for 24 h. Ethanol and CHCL^-MeOH extracts were combined, 63.4^ 
after the solvents were evaporated. One liter of water was added to the 
combined crude extracts and then the aqueous suspension was partitioned 
against CHgCLg X 1500 mL) to give an aqueous layer designated frac­
tion B, and a CH2CL2 solution. The CH2CL2 solution was evaporated to 
yield 45.2 g of extract designated as fraction A. Fraction A was dis­
solved in 0.5 liter of 10% aqueous methanol and partitioned against hex­
ane (3 X 1500 mL). The hexane solution was evaporated to give 25 g of 
extract (fraction C) . The 10% aqueous methanol solution was diluted 
with more water (200 mL) and then it was partitioned against CCL^ (3 X 
1000 mL). The CCL^ solution was evaporated to give 9.6 g of extract 
(fraction D) . The aqueous methanol solution -jas further diluted uith 
water (100 mL) and partitioned with CHCL^ (2 X 1000 mL) to give 3.5 g of 
chloroform solubles, fraction F. The remaining aqueous methanol solu­
tion was labeled fraction E. Fractions E and B have not been studied 
any further (see Scheme 1).
Extraction and partition procedure of the second collection: The
freshly thawed soft coral, Asterospiaularia randalli, collected and 
shipped frozen from Guam Is. in April of 1983 was allowed to soak in 
ethanol (15 liter for 24 h, and then in a mixture of MeOH-CHCLj (1:1) 
(15 liter) for three days. Ethanol and CHCLj-MeOH extracts were com­
bined (71.2 g) after the solvents were evaporated using a cyclone evap­
orator.^^ Two liters of water were added to the combined crude extracts 
and then the aqueous suspension was partitioned against CH2CL2 (3 X 2500 
mL) to give an aqueous layer designated fraction B', and a CH2CL2 solu­
tion. The CH2CL2 solution was evaporated to yield 50.1 g of extract
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designated as fraction A', Fraction A' was dissolved in 1.3 liter of 
10% aqueous methanol and partitioned against hexane (3 X 2500 mL). The 
hexane solution was evaporated to give 30 g of extract (fraction C ) .  
The 10% aqueous methanol solution was diluted with more water (250 mL) 
and then it was partitioned against chloroform (3 X 2500 mL). The CHCLj 
solution was evaporated to give 15 g of extract (fraction F'). The 
aqueous methanol solution was labeled fraction E'. Fractions E' and B' 
have not been studied any further (see Scheme 3).
Isolation of 13-Epi-9-0-deacetyIxenicin (J): , The fourteenth
fraction (see Scheme 4) (250 mg) was chromatographed by HPLC on a column 
of silica gel with hexane-acetone (82:18) as eluent to give 9 fractions. 
The fourth of these fractions was resolved by HPLC using a reverse-phase 
Cĵ g column and Me0K-H,0 (7:3) to yield 2 fractions. Evaporation of the 
first fraction left 42 mg of pure 13-epi-9-0-deacetylxenicin (3) as a 
colorless oil. Compound 3 has the following spectral data: XR (neat)
3450, 2970, 2920, 2850, 1735, 1660, 1440, 1380, 1240, 1155, 1030, 980, 
940, 900, 870 cm for ^H and ^^C NMR data see Tables 1 and 2; low 
resolution mass spectrum (70 eV) m/z (relative intensity) 476.3 [M^, 
(2)], 416.1 [M+-ACOH, (3)], 365.2 (15), 356.2 [m '*'-2AcOH, (18) J, 349.2
(45), 307.3 (40), 247.2 (41), 229.1 (42), 201.1 (26), 159.1 (34), 157.1
(28), 131.0 (41), 105.1 (46), 85.1 (100).
Isolation of 13-Epi-9-0-deacetyl-7,8,-dihydro-7a,8a-epoxyxenicin 
(4Û): A portion (15 g ) of fraction F' (see Scheme 4) was chro­
matographed over silica gel eluting with 9:1 hexane-acetone and increas­
ing the amount of acetone while collecting 450 mL fractions. Fraction 
14 (eluted with 7:3 hexane-acetone) (250 mg) yielded a yellow oil. This
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oil was passed through a silica gel Sep-Pak column (elution with 7 :3 
hexane-acetone) to yield 2 2 0 mg of light yellow oil which was further 
resolved by HPLC using silica gel with 83:17 hexane-acetone as eluent to 
afford 9 fractions. Fraction 9 ( 8  mg) was purified by HPLC using a 
reverse-phase Cjg column with a mobile phase of MeOH-H2 0  (55:45) to 
produce two fractions. The first fraction contained a pure compound (2 
mg) which will be discussed later in this thesis. The second fraction 
contained 3.7 mg of 13-epi-9-0-deacety1-7,8,-dihydro-7a,Screpoxyxenicin 
(4Q) as a colorless oil; [aj + 25.68 (c 0.37, CHCL3 ); T R  (CHCL3 ) 3500, 
3050, 2940, 2850, 1735, 1660, 1440, 1380, 1250, 1180, 1040, 975, and 910 
cm” ;̂ for ^H and ^^C NMR data (see Tables 1 and 2) low resolution mass 
spectrum (70 eV) m/z (relative intensity) 433.1 (1), 373.3 (2), 372.2 
(1), 366.2 (19), 365.2 (90), 323.1 (52), 305.1 (27), 263.1 (58), 245.1 
(57), 147.0 (39), and 85.1 (100).
Acétylation of 13-Epi-9-0-deacetyl-7,8-dihydro-7a,8cc-epoxyxenicin 
(&g): Acetic anhydride (0.02 mL) was added dropwise to a solution of 40
(1.5 mg) in pyridine (0.02 mL) and the reaction mixture was allowed to 
react at room temperature for 24 h. Excess reagents were then evapo­
rated under nitrogen, and the residue was purified by HPLC using a sil­
ica gel column. Elution with 8:2 hexane-acetone gave the corresponding 
tetraacetate (41) (1 mg) as a white powder; for  ̂H and  ̂̂ C NMR data see 
Tables 1 and 2 low resolution mass spectrum (12 eV) m/z (relative inten­
sity) 415.1 }M+-(59 + 60); 1], 408.2 (26), 407.1 (79), 355.3 (5), 347.2
(19), 305.2 (60), 287.1 (51), 254.1 (76), 189.0 (31), and 146.9 (51).
isolation of Xenialactol (8 ): A 15 g sample of CHCL3 extract
(fraction F ' of Scheme 4) was chromatographed on a Buchner funnel column
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of silica gel (24 X 9 cm) using a water aspirator as a source of 
v a c u u m . T h e  material was eluted using a step gradient beginning with 
hexane-acetone (9:1) and then increasing the amount of acetone and col­
lecting 45 mL fractions. One of the fractions eluted with hexane- 
acetone (1:1) was a brown oily material (300 mg). Addition of 15 mL of 
a mixture of hexane-acetone (7:3) to the brown oily material caused a 
yellow solid (110 mg) to precipitate. The light yellow solid (all at­
tempts to crystalize this solid failed) was identified as xenialactol 
(8 ); UV (EtOH) 242 nm (e = 15180); IR (neat) 3400, 3010, 2975,
2940, 2850, 1640, 1450, 1380, 1350, 1250, 1130, 1080, 970, 905, 876
cm~^; for and NMR data see Tables 4 and 5; low resolution mass
spectrum (70 eV) m/z (relative intensity) 316.3 (50)], 298.3
iMT-XHgO, (17)], 283.3 [ir-OH^O-Me, (17)], 270.2 (24)],
253.3 (17), 201.1 (42), 199.1 (30), 185.2 (48), 145.1 (57), 109.2 (43),
95.1 (100).
Isolation of Isoxenialactol (42): A portion (15 g) of fraction F"
(see Scheme 4) was chromatographed over silica gel eluting with hexane- 
acetone first and then hexane-acetone mixtures with increasing amounts 
of acetone and collecting 450 mL fractions. Fraction 25 was eluted with 
1:1 hexane-acetone (100 mg) and yielded a brown oily residue. This oily 
fraction was passed through a silica gel Sep-Pak column (elution with 
6:4 hexane-acetone) to give 80 mg of yellow oil which was further chro­
matographed by HPLC using silica gel with 75:25 hexane-acetone as eluent 
to yield 8  fractions. Fraction 4 (0.9 mg) contained isoxenialactol
(42), which was obtained as a white powder. Compound 42 has the 
following spectral properties: IR (neat) 3450, 2980, 2950, 2850, 1640,
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1450, 1382, 1533, 1250, 1130, 1070, 975, 905, 875 cm" for and ^ N M R
daca see Tables 4 and 5; low resolution mass spectrum (12 eV) m/z (rela­
tive intensity) 334.2 [M+, (9)], 316.2 [M^-HgO, (53)], 298.1 [M‘̂ -2H2 0 , 
(65)] , 280.2 [M+-3H20, (14)], 270.1 (60), 225.2 (56), 214.1 (63), 199.2 
(78), 173.1 (70), 171.1 (83), 159.1 (73), 157.1 (76), 145.0 (96), 143.1 
(65), 95.2 (100).
Isolation of Xenialactol 9-Acetate (4^): Silica gel chromatography
of the CHCLg extract of Scheme 4 yielded 25 fractions. Elution of 
hexane-acetone (6:4) gave a red oily fraction. A 15 mg portion of this 
oily material was resolved by HPLC with a reverse- phase C^g column and 
MeOH-H2 0  (7:3) as a mobile phase to afford 2 fractions. The first frac­
tion contained a colorless oil, 5 mg, of xenialactol 9-acenace (43) .
ComDound 43 nossesses the following spectral data: UV (EtOH) X 241—  • max
nm (e = 14000); IR (neat) 3440, 2970, 2930, 2850, 1730, 1640, 1440,
1370, 1250, 1120, 1110, 1050, 1030, 990, 960, 900 cm"^ for and ^H 
NMR data see Tables 4 and 5; low resolution mass spectrum (12 eV) m/z 
(relative intensity) 376.4 [M"*", (3)], 358.4 [M'*’-H2 0 , (12)], 340.1 [M"*"- 
2H2O, (4)], 316.2 iM'^-AcOH, (15)], 298.2 [M+-ACOH-H2 ), (36)], 283.1
(38), 270.2 (37), 269.1 (34), 255.2 (59), 252.2 (41), 237.2 (73), 227.2
(54), 213.2 (58), 212.2 (96), 211.2 (81), 209.1 (8 8 ), 199.1 (64), 170.0
(89), 183.1 (100), 171.1 (91), 157.0 (71), 145.0 (8 8 ), 120.2 (42).
Isolation of 7 ,8HDihydrc-7 c,8 o-epo2yseaialactol (44): A 15 g
sample of CHClg extract, fraction F' , (see Scheme 4) was chromatographed 
on a silica gel column (24 X 9 cm). The material was eluted starting 
with a hexane-acetone (9:1) mixture and increasing the amount of ace­
tone. Elution with hexane-acetone (1:1) gave a fraction (fraction 2 5,
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100 mg) which was passed through a silica gel Sep-Pak column Co obtain 
80 mg of yellow oil. This oily material was chromatographed by HPLC 
using silica gel with 75:25 hexane-acetone and collecting eight frac­
tions. Fraction 4 (3.5 mg) was rechromatographed by HPLC using the same 
solvent mixture to afford 2.9 mg of triol ^4 as a white powder in ca. 
95% purity. Compound 44 exhibits the following spectral properties: UV
(EtOH) 1 241 nm (e = 15320); IR (neat) 3400, 3010, 2980, 2930, 2860,
1640, 1450, 1380, 1350, 1250, 1130, 1080, 970, 900, 880 cm"^; for ^H and 
^^C NMR data see Tables 5 and 4; low resolution mass, spectrum (12 eV) 
m/z (relative intensity) 350.2 (11), 332.1 (46), 314.1 (11), 286.2 (20),
271.1 (17), 207.2 (17), 199.1 (36), 187.2 (60), 173.1 (59), 161.0 (8 8 ),
145.0 (100), 130.0 (27); high-resolution mass spectrum, observed m/z
(composition, interpretation, calculated millinass) 332.19594 (C^qH^qO^, 
-H2O, 332.19876), 314.18948 (C2QH26°3' ^^-2*2°, 314.1882), 286.19325 
(C1 9H2 6O2 . M^-HgO-CHgOg, 286.19328).
Acétylation of 7,8-Dlhydro-7o,8a-epoxyxenlalactol (44): Acetic
anhydride (15 pL) was added to a solution of ^4 (1 mg) in pyridine (25p 
L) and the reaction mixture was allowed to react at room temperature 
for 24 h. The excess of reagents was evaporated under nitrogen and the 
residue was chromatographed by HPLC using a silica gel column with 8:2 
hexane-acetone as eluent to yield the 1,9-diacetate 46; for ^H and ^^C 
NMR data see Tables 5 and 4.
Isolation of 2snloUds-A (%): The CKCL^ extract, fraction F' of
Scheme 4, was chromatographed (see isolation of xenialactol) over silica 
gel. Repeated chromatography of fraction 22, Scheme 4, by HPLC using a 
silica gel column and hexane-acetone (8 :2 ) led to the isolation of
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xeniolide-A (Z) as an oil which decomposed after 4 weeks even in low 
temperature. Compound Z possesses the following spectral data: UV
(EtOH) 265 nm (e = 15000); IR (neat) 3450, 2970, 2930, 2875, 1712,
1638, 1605, 1440, 1380, 1240, 1160, 1100, 1035, 970, 900, 850 cm"^; for
and NMR data see Tables 7 and 8 ; low resolution mass spectrum (20 
eV) m/z (relative intensity) 314.2 [M'*'-H2 0 , (9)J, 299.3 [M^-H2 0 -Me,
(7)], 296.1 [m '^-2H20, (7)J, 280.9 (7), 271.2 (17), 253.3 (22), 218.3 
(31), 199.1 (22), 185.1 (30), 157.1 (48), 144.8 (63), 132.9 (58), 131.1 
(100), 105.0 (56), 91.1 (51), 81.0 (32).
Isolation of 9-Deoxyxeniolide—A (^): A 15 g sample of fraction F '
(see Scheme 4) was chromatographed over a column of silica gel. The 
material was eluted first with hexane-acetone (9:1), fraction 10, and 
then increasing amounts of acetone. One of the fractions eluted with 
hexane-acetone (7:3) fraction 10, was a yellowish oil. This oily frac­
tion was resolved by HPLC with silica gel and hexane-acetone (88:12) to 
give 5 fractions. Fraction 5 was rechromatographed by HPLC using a re­
verse-phase Cĵ g column and MeOH-HgO (7:3) as eluent to yield, in trace 
amounts, 1.2 mg of ca. 8 8 % pure 9-deoxyxeniolide-A (4Z) as a colorless 
oil. Compound 4Z possesses the following spectral data: IR (neat)
3440, 2945, 2830, 2840, 1712, 1635, 1455, 1440, 1380, 1245, 1200, 1160, 
1020, 995, 885 cm for ^H and ^^C NMR data see Tables 7 and 8 .
Isolation of 9-Deosy-7,8-dihydro-7a,8a-epoxyxeniolide-A (4S): A 15
g sample of the CHCLg extract of Scheme 3 was chromatographed on a col­
umn of silica gel (24 X 9 cm). Elution started with hexane-acetone 
(9:1) and then the amount of acetone was increased. One of the frac­
tions eluted with hexane-actone (7:3), fraction 14, was rechromato­
graphed by HPLC using a silica gel column and hexane-acetone (82:18) as
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eluent to give 9 fractions, of which fraction 6 was further purified by 
HPLC using a reverse-phase column and Me0 H-H2 0 (6:4) as eluent to
yield 1 mg of 9-deoxy-7,8-dihydro-7a,8a-epoxyxeniolide-A (âS) as a
colorless oil. Compound 42 possesses the following spectral properties : 
[ajp^ +3° (c. 0.1 CHCLg); UV (EtOH) X 267 nm ( 0  = 15300); IR (neat)
3430, 2950, 2820, 2835, 1714, 1635, 1460, 1450, 1380, 1240, 1200, 1170, 
1025, 990, 900, 885 cm ^; for and ^^C NMR data see Tables 7 and 8 ;
low resolution mass spectrum (12 eV) m/z (relative intensity) 332.2 [M^, 
(21)], 314.2 [M'̂ '-Ĥ O (11)], 289.1 (100), 271.1 (34), 253.0 (34), 215.1
(34), 197.1 (25), 159.0 (49).
Isolation of 15-Dehydroxy-15-acetyldio^rxeniolide-A (âS): The
CHCLg extract, fraction F' of Scheme 3 was chromatographed on a column 
of silica gel. Elution was started with hexane-acetone (9:1) and the 
amount of acetone was increased stepwise and 450 mL fractions were col­
lected. One of the fractions eluted with hexane-acetone (7:3), fraction
14 of Scheme 4, was rechromatographed by HPLC using a silica gel column
with hexane-acetone (82:18) to give 9 fractions. Fraction 7 therefore 
was resolved by HPLC with a reverse-phase Cĵ g column and MeOH-H^O (7:3) 
to afford 2 fractions. Evaporation of the second fraction left 1.7 mg 
of 15-dehydroxy-15-acetyIdioxyxeniolide-A (42) as a colorless oil; 
compound 42 has the following spectral properties: [a]^ -12.9° (c.
0.17 CHCL3 ); UV (EtOH) X 265 nm (e = 14500); IR (neat) 3440, 2980, 
2930, 2845, 1730, 1712, 1640, 1600, 1440, 1385, 1370, 1320, 1250, 1190, 
1120, 1030, 990, 900 cm ^; for proton and carbon-13 NMR data (CDCLg) see 
Tables 7 and 8 ; ^H NMR (CgDg) (number of protons, multiplicity, J in Hz, 
assignment) 5 1.24 (3, br s, Me-18), 1.36 (1, m, H-5), 1.40 (6 , s. Me-16
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and Me-17), 1.43 (1, m, H-5'), 1.68 (3, s, oAc), 1.76 (1, br dt, 12.2,
5.5, H-lla), 1.80 (1, dt, 12.2, 3.5, H-6 ), 1.93 (1, br dd, 13.5, 5.4, H-
10), 1.96 (1, br d, 13.5, H-10'), 1.99 (1, ddd, 13, 12.2, 5.4, H-6 ’),
3.0 (1. br dd, 10.5, 5.5, H-4a), 3.33 (1, dd, 12.2, 11.6, H-1), 3.72 (1, 
dd, 12.2, 5.5, H-1'), 4.31 (1, ddd, 8.4, 5.4, 1.8, H-9), 4.66 (1, br s, 
H-19), 4.84 (1, br s, H-19'), 5.18 (1, br d, 8.4, H-8 ), 5.98 (1, d,
15.4, H-14), 6.48 (1, dd, 15.4, 11.4, H-13), 7.08 (1, br d, 11.4, H-12);
low resolution mass spectrum (70 eV) m/z (relative intensity) 315.3 [M^- 
AcOO, (2)], 314.3 [M+-AcOOH, (7)], 296.2 Im'^-Ac0 0 H-H2O , (1)], 273.1
(15), 199.1 (12), 185.2 (11), 171.1 (20), 159.1 (25), 145.1 (34), 131.1
(53), 117.2 (43), 105.1 (67), 91.1 (100), 83.1 (61), 79.2 (76), 77.1
(64).
Isolation of 7,8-Dihydro— 7a,Sa-eporiyxenioIide-A (5Û): A 3 g sample 
of CHCL^ extract, Scheme 1, was chromatographed on a column of silica 
gel (40 X 2.5 cm). The material was eluted first with chloroform-ace- 
tone (9:1) and then increasing the amount of acetone and collecting 9 
fractions. Elution with chloroform-acetone (75:25) gave fractions 8 and 
9 which were combined and rechromatographed over silica gel using chlo­
rof orm-ace tone (85:15) as eluent and increasing the amount of acetone 
and collecting 7 fractions. Fraction 5 was resolved by HPLC with silica 
gel and hexane-acetone (6:4) as a mobile phase to give 4 fractions. 
Fraction 3 contained pure 7,8-dihydro-7a,8 a-epoxyxeniolide-A (5Û) as a 
white powder, 7 mg, [ a +22.1° (c. 0.19 CHCL^); ÜV (EtOH) 268 nm
(s = 15270); IR (CHCL3 ) 3600, 3440, 2970, 2930, 2870, 1712, 1638, 1610, 
1455, 1385, 1365, 1320, 1180, 1105, 1035, 970, 910 cm"\ for and 
NMR data see Tables 7 and 8 ; HRMS, observed m/z (composition, interpre-
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cation, calculated millimass) 348.19259 (C2QH2 gO^, M"*", 348.19367),
330.18089 (C2o»26°4> 330.18311), 305.17305 (C^gH25°4»
305.17528), 135.08053 (CgH^^O, 135.08099), 91.05346 (CyHy,
M^-Cj2 H2 1*3 5 > 91.05477); low resolution mass spectrum (70 eV) m/z (rela­
tive intensity) 348.3 (7), 330.2 (2), 305.2 (26), 289.2 (27), 161.1
(31), 145.1 (53), 135.1 (47), 121.1 (56), 119.2 (53), 109.2 (51), 91.1 
(100), 81.1 (63), 77.1 (60).
Acétylation of 7,8-Dihydro-7a,8a-epoxy3eniollde-A (M): Compound
50 (2 mg) was allowed to react with 0.01 mL of acetic anhydride-pyridine 
(1:3) at room temperature overnight. Cold water (1.3 mL) was added and 
the resulting mixture was dried under nitrogen. The residue was puri­
fied by HPLC using a silica gel column and hexane-acetone (8:2) as 
eluent to give compound 51; for and NMR data see Tables 7 and 8 .
Isolation of 18-Hydroxyasteroxeniolide-A 9-Acetatel521: A 15 g
sample of the CHCLg extract (fraction F') of Scheme 3 was chromato­
graphed on a Buchner funnel column of silica gel (24 X 9 cm) and using a 
water aspirator as a source of v a c u u m . T h e  material was eluted using 
a step gradient beginning with hexane-acetone (9:1) and then increasing 
the amount of acetone and collecting 450 mL fractions. Two of the frac­
tions eluted with hexane-acetone (1:1) was a brown oily material (300 
mg). Addition of 15 mL of a mixture of hexane-acetone (7:3) to the 
brown oily material caused a yellow solid (110 mg) to precipitate. This 
yellow solid was discussed above (see isolatin of Ü). After removal of 
the yellow solid by filtration, the remaining solution was chromato­
graphed by HPLC using a silica gel column and hexane-acetone (8:2) as
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eluent to yield four fractions. The first fraction contained pure 52, 
yellow oil, 45.2 mg, 0.00 (CHCL3 ); IR (CHCL3 ) 3430, 3030, 2940,
2860, 1725, 1715, 1640, 1450, 1380, 1340, 1260, 1180, 1130, 1020, 960, 
840 cm“ ;̂ UV (EtOH) 217 nm (e = 11764); for and NMR data see
Tables 11 and 12; mass spectrum (12 eV, low resolution), m/z (relative 
intensity) 390.2 [M+ C2 2H 3 0 O6 (4)], 372.2 (11), 362.4 (20), 361.3 (82),
331.1 (14), 330.3 (19), 313.1 (14), 312.1 (34), 302.3 (28), 301.2 (93),
299.1 (13), 297.2 (33), 284.1 (39), 283.1 (37), 271.2 (27), 270.2 (31),
269.2 (100), 267.2 (25), 244.2 (26), 243.2 (71), 241.2 (47), 229.2 (37),
228.2 (28), 227.2 (32), 225.2 (32), 199.2 (91), 197.1 (44), 183.2 (48),
181.1 (37), 173.2 (44), 171.2 (58), 159.1 (40), 157.1 (51), 145.0 (44),
83.1 (45), and 81.0 (14).
Acétylation ox IB-Bydroayastexoseniolide-A 9-Aceîate(Â2)• Compound 
52 (1.5 mg) was allowed to react with 0.075 mL of acetic anhydride- 
pyridine (1:3) at room temperature overnight. Cold water (1 mL) was 
added and the resulting mixture was dried under nitrogen. The residue 
was purified by HPLC using a silica gel column and hexane-acetone (8:2) 
as eluent to give compound 53; for and NMR data see Tables 11 and 
12; low resolution mass spectrum (70 eV), m/z (relative intensity) 474.1 
[M+ C2 6 H3 4 O8 (4)], 432.1 (26), 415.2 (30), 414.1 (33), 373.1 (100),
372.1 (18), 330.2 (13), 313.1 (14), 312.2 (23), 297.1 (16), 269.0 (14),
253.1 (14), 225.0 (13), 199.0 (13), 195.0 (14), 143.0 (25), 131.0 (25),
117.1 (20), and 105.1 (23).
Isolation of Asteroxeniolide^ (ââ) • The 21st fraction (0.19 g) 
obtained upon elution with hexane-acetone (1 :1) from a silica gel column 
of the CHCL3 extract (fraction F') (see isolation of compound 52) was
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chromatographed by HPLC using a silica gel column and hexane-acetone 
(75:25) as eluent to afford four fractions. The fourth fraction (60 mg) 
was rechromatographed by HPLC using a reverse-phase column and MeOH-H2 0  
(8:2) as eluent to afford two fractions. The first fraction (4.5 mg) was 
purified by HPLC using a reverse-phase column and MeOH-HgO (1:1) as 
eluent to give pure 54, light yellow oil, 3 mg; +26° (c. 0.29,
CHCL3 ); UV (EtOH) 217 nm (e = 11547); IR (neat) 3420, 3080, 2980,
2930, 2850, 1710, 1640, 1442, 1382, 1218, 1190, 1025, 990, 910, 850, and
760 cm” ;̂ for %  and ^^C NMR data see Tables 11 and J.2, respectively; 
mass spectrum (12 eV, low resolution), m/z (relative intensity) 332.1 
[ff*" CgoHggO* (0.8)], 314.1 (12), 300.1 (12), 299.1 (50), 296.2 (13),
286.1 (21), 285.1 (24), 281.1 (22), 272.1 (19), 271.1 (100), 231.1 (39),
230.1 (30), 218.1 (71), 173.0 (58), 171.1 (59), 159.1 (55), 157.0 (38),
145.0 (57), 133.0 (47), 131.1 (50), 105.1 (35), 95.1 (56), and 83.1 
(41).
Isolation of âsteroxenloIide-& 9-Acetate (^) : The 14th fraction
(0.25 mg) obtained upon elution with hexane-acetone (7:3) from a silica 
gel column of the CHCL3 extract (fraction F ', Scheme 3) was chromato­
graphed by HPLC using a silica gel column with 82:18 hexane-acetone as 
eluent to give nine fractions. The sixth faction was chromatographed 
further by HPLC using a C^g reverse-phase column (6:4 MeOH-H2 0 ) to 
obtain three fractions. The second fraction contained pure 55, light 
yellow oil, 4 mg; [a]^^ -1° (c. 0.3, CHCL3 ); UV (EtOH) X 217 nm (s = 
11429); IR (neat) 3450, 3080, 2940, 2850, 1725, 1730, 1640, 1450, 1380, 
1370, 1370, 1260, 1180, 1030, 990, 900, 840 cm~^; for and ^^C NMR
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data see Tables 11 and 12, respectively; mass spectrum (12 eV, low reso­
lution), m/z (relative intensity) 356 ^2 2*2 8^% (27)], 345.1
(100), 341.3 (66), 296.2 (64), 286.1 (37), 281.1 (60), 271.1 (79), 253.3 
(48) 241.1 (41), 230.1 (70), 218.1 (73), 190.1 (34), 171.2 (37), 157.0 
(67), 143.0 (62), 107.2 (60), 95.1 (75), and 83.1 (64).
Isolation of leniolide-B (13)• The twenty-third and twenty-fourth 
fraction (155 mg) of Scheme 4 was chromatographed by HPLC using a silica 
gel column and hexane-acetone (8:2) as eluent to give 4 fractions. The 
second of these fractions contained 23 mg of pure xeniolide-B (13) as a 
light yellow oil. Compound 13 has the following spectral data: UV
(EtOH) 241 nm (e = 15000); IR (neat) 3440, 2970, 2930, 2845, 1730,
1660, 1640, 1455, 1380, 1360, 1248, 1160, 1020, 970, 910, 870 cm“ ;̂ for
Nîffi. data see Table 15; low resolution mass spectrum (70 aV) m/z (rel­
ative intensity) 314.3 [M+-H2O, (2)], 256.2 (5), 230.1 (13), 207.1 (28),
187.2 (22), 173.1 (33), 159.1 (41), 147.0 (42), 133.1 (42), 129.0 (60),
115.1 (40), 105.1 (67), 91.1 (100), 79.1 (61), 69.1 (50).
Isolation of X«niolid«-B 9-Acetato (Jtà): a o.l g portion of the
fifteenth fraction of Scheme 4 was chromatographed by HPLC using silica 
gel and hexane-acetone (83:17) to yield a pure Xeniolide-B 9-acetate 
(14), 65 mg, as a yellow oil. Compound 14 has the following data: UV
(EtOH) 241 nm (c = 15000); IR (neat) 3440, 2970, 2930, 2850, 1730,
1660, 1640, 1450, 1380, 1365, 1250, 1164, 1020, 970, 910, 870 cm"^; for
%  and ^^C NMR data see Tables 16 and 17 ; low resolution mass spectrum 
(12 eV) m/z (relative intensity) 374.5 [M"̂ , (9)], 314.2 [M'^-AcOH, (30)],
299.3 [M+-AcOH-Me, (12)], 296.1 [M'^-Ac0H-H2 0 , (34)], 280.9 (27), 256.1
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(100), 225.3 (57), 212.0 (46), 185.0 (85), 169.1 (44), 144.8 (38), 131.0 
(51), 109.2 (22).
Isolation of 7,8-Dihydro-7a,8a-«poxyxeniolido-B (15): The CHCL3  
extract (3 g) of Scheme 1 was chromatographed on a column of silica gel. 
The material was eluted initially with chloroform-acetone (9:1) and then 
gradually the amount of acetone was increased while 9 fractions were 
collected. Fractions 8 and 9 were combined and rechromatographed over 
silica gel using chloroform-acetone (85:15) as eluent initially and then 
increasing the amount of acetone and collecting 7 fractions. The sixth 
of these fractions was subjected to HPLC with a silica gel column and 
hexane-acetone (7:3) as a mobile phase to give pure 7 ,8-dihydro-7ct ,8a- 
epoxyxeniolide-B (15), 1 mg, as a white powder. Compound 15 has the 
following spectral data: IR (neat) 3500, 2975, 2930, 2850, 1730, 1640,
1450, 1380, 1360, 1250, 1160, 1025, 975, 910, 875 cm"^; for and 
NMR data see Tables 16 and 17; low resolution mass spectrum (70 eV) m/z 
(relative intensity) 348.1 [M+, (16)], 330.2 [M+-H2O, (7)], 227.1 (7),
207.0 (15), 161.0 (21), 148.9 (30), 147.0 (80), 133.0 (32), 119.1 (36),
107.1 (43), 95.1 (59), 75.1 (100).
Isolation of Asterospicln (§6 ): A 3 g portion of the CHCL3 extract
of Scheme 1, was chromatographed on a column of silica gel (40 X 2.5 
cm). The sample was eluted first with chloroform-acetone (9:1) and the 
amount of acetone was increased stepwise and 9 fractions were collected. 
Fractions 3 to 7 were combined and rechromatographed on a short column 
of silica gel to give 6 fractions. The fourth of these fractions was 
subjected to HPLC using a reverse-phase C^g column with MeOH-H2 0 (75:25) 
as eluent to yield 3 fractions. The first fraction, 8 mg, was resolved
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by HPLC using a reverse-phase Cjg column with Me0 H-H2 0 (6:4) as a mobile 
phase to afford 3 fractions. Evaporation of the second fraction left
2 . 2  mg of pure asterospicln (5 Ê) as a colorless oil. ^ 6 has the 
following spectral data: UV (EtOH) 235 nm (e = 16100); IR (neat)
3440, 2960, 2925, 2850, 1660, 1640, 1440, 1385, 1220, 1080, 1040, 990, 
910, 880 cm”^; for and NMR data see Tables 18 and 19; low
resolution mass spectrum (70 eV) m/z (relative intensity) 332.3 (4),
302.3 (12), 286.3 (5), 185.1 (12), 171.2 (24), 159.0 (17), 157.0 (26),
145.0 (34), 143.1 (35), 131.1 (32), 129.1 (31), 119.2 (24), 117.1 (25),
109.1 (100), 105.1 (45), 96.1 (10), 95.1 (38), 93.1 (24), 91.1 (50),
81.1 (35), 79.1 (38), 77.1 (27); high-resolution mass spectrum, observed 
m/z (composition, interpretation, calculated millimass) 332.20101 
(C2oH2gO^, ir, 332.19876), 314.18902 (C2 oH2 gOg, M+-H2O, 314.1882),
303.19493 (C^gHgyOg, M+-CHO, 303.19602), 302.18691 (C^gH2g03, M^-CHgO, 
302,1882), 286.19516 (CigH26°2)' 244.14824 (C1 6H 2 0O2 ), 199.11159
(C1 4H 1 5O), 185.09594 (C^gH^gO), 109.06562 (CyHgO), 81,07028 (CgHg).
Acétylation of Asterospicln (§fi): Compound 56 (1 mg) was allowed
to react with 0.008 mL of acetic anhydride-pyridine (1:3) at room tem­
perature overnight. The excess reagents were dried under nitrogen and 
the residue was chromatographed by HPLC using a silica gel column with 
hexane-acetone (8:2) to give compound 52; for ^H and ^^C NMR data see 
Tables 18 and 19: low resolution mass spectrum (12 eV) m/z (relative in­
tensity) 345,0 [M+-CHO, (5)1, 344,1 [M+-CH2O, (27)], 314.2 [M+-AcOH,
(10)], 225.2 (14), 197.1 (31), 172.1 (13), 164.2 (32), 147.1 (23), 135.1 
(24), 133,2 (23), 124.2 (20), 109.1 (100), 95.0 (24).
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Dehydration of 7,8-Dihydro-7a,8a-«poxyxanialactol (M): To a
solution of compound â= (2 mg) in CHCL^ (2 mL) at 4 C° was added 0.25 mL
of glacial acetic acid with stirring for 4 h. The excess of the reagents
were dried under nitrogen and the residue was chromatographed by HPLC 
with a silica gel column and hexane-acetone (7:3) as a mobile phase to
give asterospicin (56) (1.2 mg), identical in all aspects (NMR, IR, TLC)
with the natural material.
Isolation of 14,15-Dlhydro-lA€,15C-epoxyasterospicin-l (5i) and 
14,15Hûihydto-14Ç,lSç-epozyastero8picin-2 (5S): A 3 g sample of the
CHCLg extract, see Scheme 1, was chromatographed on a column of silica 
gel. Elution started with chloroform-acetone (9:1) and the amount of 
acetone was increased stepwise and 9 fractions were collected. Frac­
tions 3-7 were combined (0.6 g) and rechronatographed on a short column 
of silica gel using chloroform-acetone (8 :2 ) initially and increasing 
the amount of acetone and collecting 6 fractions. Fraction 4, 8 mg, was 
then subjected to HPLC with a reverse-phase Cjg column and MeOH:H2 0  
(75:25) to give 3 fractions. The first fraction was resolved further by 
HPLC with He0 H-H2 0  (6:4) to yield two fractions containing compounds 58 
and 59 as colorless oils, 0.3 mg each. Compound 58 has the following 
spectral data: IR (neat) 3500, 2960, 2920, 2840, 1610, 1450, 1380,
1225, 1090, 1024, 990, 910, 885 cm” ;̂ for and ^^C NMR data of 58 and 
59 see Tables 18 and 19; low resolution mass spectrum (70 eV) m/z (rela­
tive intensity) 348.3 [M+, (2)], 330.4 [M^-HgO, (2)], 279.2 (8 ), 167.0 
(21), 149.0 (82), 129.0 (34), 113.1 (24), 109.1 (43), 105.1 (29), 97.1 
(95), 95.2 (53), 86.0 (62), 85.1 (77), 84.1 (100), 83.1 (81), 75.1 (53),
71.1 (87).
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Isolation of 14,15-Dihydro-14Ç,15-dihydroxyasterosplcin-i (fifl) and 
14,15-Dihydro-14Ç,15-dihydroxyasterosplcin-2 (§1): A 3 g portion of the
CHCLg extract of Scheme 1 was chromatographed on a column of silica gel 
(40 X 2.5 cm). The materials were eluted first with chloroform-acetone 
(9:1) and then increasing amounts of acetone and collecting 9 fractions. 
Elution with chloroform-acetone (75:25) gave fractions 8 and 9 which 
were combined and rechromatographed over silica gel using chloroform- 
acetone (85:15) as eluent and increasing the amount of acetone and col­
lecting 7 fractions. The last of these fractions (fraction 7) was puri­
fied by HPLC with silica gel and hexane-acetone (1:1) as a mobile phase
to give a mixture of 1.5 mg of fiü and 61 as white powder. This mixture
was resolved by HPLC with a reverse-phase Cĵ y column and Me0H-H,0
(25:75) as eluent to give pure 6 Q (0.5 mg) and 61 (0.4 mg) as colorless
oils. Compound 6 Û has the following spectral data: IR (neat) 3500,
2980, 2930, 2860, 1630, 1440, 1385, 1260, 1220, 1160, 1080, 1040, 990 
900, 885 cm 300-MHz NMR (CDCL^) (assignment, multiplicity, J in 
Hz) 6 6.08 (H-12, br d, 16), 5.86 (H-13, dd, 16, 6 ), 5.33 (H-1, s), 5.32 
(H-19, br s), 5.15 (H-19', br s), 4.00 (H-14, br d, 6 ), 3.97 (H-3', d, 
6 .8 ), 3.74 (H-9, br dd, 7.6, 6.5), 3.31 (H-3, dd, 6 .8 , 2), 2.74 (H-8 , d, 
7.6), 2.59 (H-10', br d, 14.5), 2.40 (H-10, br dd, 14.5, 6.5), 2.15 (H- 
11a, br dd, 4.16, 1.2), 1.82 (H-5, br dt, 14.2, 3.6), 1.75 (H-4a, br dd,
10.5, 4.6), 1.54 (H-5', dddd, 14.2, 13.5, 10.5, 3.6), 1.38 (Me-18, s), 
1.25 (Me-16, s), 1.15 (Me-17, s), 1.05 (H-6 ', br td, 13.5, 3.6); low
resolution mass spectrum (12 eV) m/z (relative intensity) 348.4 [M^-H2 0 ,
(4)J, 284.3 (37)J, 279.1 (19), 241.2 (10), 227.2 (14), 213.1 (31), 199.2
(20), 193.1 (20), 185.2 (45), 171.1 (30), 167.1 (60), 149.0 (93), 129.0
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(100), 115.2 (31), 97.1 (92), 83.1 (53). IR data of 61 are identical to 
those of 60; NMR (CDCL^) data of 61 are identical to those of 60 
except for the following protons in respect to the chemical shift; 6 
5.84 (H-13, dd, 16, 6 ), 3.98 (H-14, br d, 6 ), 3.32 (H-3, dd, 6 .8 , 2);
low resolution mass spectrum of 61 was identical to that of 60; high-
resolution mass spectrum of 60, observed m/z (composition, interpreta­
tion, calculated millimass) 348.19087 (^20*^28*^5’ 348.19368),
336.19306 (C^gHggOg, M'̂ '-CĤ O, 336.19368), 333.170 (C^gH^^O^, M'"'-MeO,
333.17020), 330.18382 (C^QH^^O^, M+-2H2O, 330,18311), 308.16148
(C^2^24°5> M'*'-C^HgO, 308.16238), 290.15286 (C^yH^gO^, M^-HgO-CgH^O,
290.15181), 272.14137 (C^yH^gO^, M'^-2H20-C3H^0, 272.14125), 262.15491
(C,aH?203), 244.14803 (C,aH?oO?), 201.12669 (Ci^H^yO), 125.06129
(CyHgOi,), 97.06499 (C^HgO).
Expoxidation of Xenialactol (8 ): To a solution of xenialactol (8 )
(35 mg) in CHCL3 (10 mL) at 2 C° was added a solution of m-chloroperben­
zoic acid (20 mg) in CHCL3 (3 mL) dropwise with stirring over a period 
of 1.5 h. Stirring was continued for another 2 h. The reaction mixture 
was extracted with 2 0 % Na2C0 3 solution, and the solution was washed with 
water, and evaporated to give 30 mg of an oily material. The oily mix­
ture was chromatographed on a preparative TLC plate using hexane-acetone 
(1:1) as eluent to yield two fractions. The first fraction (10 mg) (Rf 
= 0.6) was purified by HPLC with a reverse-phase column and Me0H-H2 0  
(1:1) to yield 8 mg of compound 45 as a colorless oil. The second frac­
tion (12 mg) (Rf = 0.47) was subjected to HPLC using a reverse-phase C^g 
column and Me0 H-H2 0 (1:1) to give two fractions. The first fraction 
contained a mixture of two compounds. This mixture was resolved by HPLC 
using reverse-phase and MeOH-H2 0 (25:75) to afford two pure compounds
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which were found to be 6 Q (2.5 mg) and 61 (1.9 mg), identical in all 
respects with the natural material. The second fraction ( 6  mg) was
found to be 7,8-dihydro-7a,8a-epoxyxenialactol (4|), identical in all 
respects (TLC, NMR, IR) with the natural material. Compound 45 has Che 
following spectral data: UV (EtOH) 240 nm (e = 15700); IR (neat)
3450, 3010, 2980, 2940, 2840, 1640, 1445, 1380, 1355, 1250, 1130, 1080, 
980, 905, 885 cm ^; for and ^^C NMR data of 45 see Tables 4 and 5.
Reduction of coiq>ouad Compound 45 (3 mg) in acetic acid (1 mL)
was treated with zinc dust (22 mg) and stirred for 4 h at room tempera­
ture. The reaction mixture was diluted with CHCl^ and extracted with 
15% Na2C0 ^ solution. The organic solution was washed with water and 
evaporated to give 1 . 6  mg or oily material which was chromatographed by 
HPLC using a silica gel column and hexane-acetone (65:35) as eluent to 
give 1 mg of asterospicin (56), identical in all respects (TLC, NMR, IR) 
with the natural material.
Isolation of 3a-Hydroxy-7,8-deeposy-7,8-dehydroasterospicin (62): 
Silica gel chromatography of the CHCL^ extract, fraction F ', of Scheme 3 
afforded 25 fractions. Fraction 14 (250 mg) was subjected to HPLC with 
a silica gel column and hexane-acetone (82:18) as eluent to give 9 
fractions. The fifth of these fractions (12 mg) was resolved by HPLC 
using a reverse-phase C^g column and MeOH-H2 0 as a mobile phase to yield 
3 fractions. Evaporation of the first fraction left 2.2 mg of 3a- 
hydroxy-7,8-deepoxy-7,8 -dehydroasterospicin (62) as a colorless oil; UV 
(EtOH) X 235 nm (e = 15119); IR (neat) 3450, 2930, 2850, 1655, 1640, 
1440, 1380, 1090, 1040, 918, 885 cm ^; for ^H and ^^C NMR data of 62 see 
Tables 18 and 19; low resolution mass spectrum 70 eV) (m/z, relative
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intensity) 305.1 (2), 304.1 (6 ), 303.2 (24), 287.2 (6 ), 286.1 (34),
161.1 (11), 159.1 (19), 145.1 (23), 143.0 (16), 131.0 (25), 129.0 (20),
121.1 (20), 119.1 (26), 111.1 (11), 109.1 (100), 107.1 (28), 105.1 (37),
95.2 (28), 93.2 (28), 91.1 (59), 83.1 (26), 81.1 (64), 79.1 (49), and
77.0 (37); high resolution mass spectrum, observed m/z (compsosition,
interpretation, calculated millimass) 317.17090 (CigH25^4' ,
317.17529), 302.18377 (C1 9H2 6 O3 . M^-CHgO, 302.18820), 286.18912
(C1 9H2 6 O2 ), M+'CO-HgO, 286.19328), 109.06606 (€7 8 9 0 , M+-CH20-C32H3y02, 
109.06534), 91.05465 (CyHy, M+-CH20-H20-C32H^;02, 91.05478), 81.07130 
(0 ^8 9 , M+-C8 2 O-CJ2H 3 7O2-CO, 81.07042), 79.05597 (CgBy, M+-2C8 2 O-
C1 2H 1 7O2 , 79.05478); FAB mass spectrum, m/z 332.
Acétylation of 3-a-hydro3cy— 7,8-deepoxy—7,8-dehydroasterospicin
(62) : A 1 Eg portion of 62 was allowed to react with acetic anhydride-
pyridine (1:3) (0.08 mL) at room temperature overnight. The excess re­
agents were dried under nitrogen and the resultant residue was chromato­
graphed by HPLC using a silica gel column and hexane-acetone (9:1) as
eluent to give 63 (0.3 mg) and 64 (0.2 mg) as white powders; for %  NMR 
data of 63 and 64 see Table 18; low resolution mass spectrum of 63 (12 
eV) : m/z (relative intensity) 388.1 [M^-CO, (4)], 387.1 [M"*’-CHO, (8 )],
263.1 (5), 221.0 (12), 207.0 (12), 189.1 (7), 167.1 (10), 155.1 (11),
149.0 (46), 125.1 (21), 109.0 (43), 99.0 (59), 97.1 (55), 85.1 (73),
75.1 (100) ; low resolution mass spectrum of 64: (12 eV) m/z relative
intensity) 388.1 [M+CO, (1)], 387.1 [M+-CH0, (6 )], 357.1 [M+-AcO, (1)],
356.2 [M'^-Ac08, (1)], 239.1 [M+-C0-Ac0, (22)], 328.2 [M'^-C0-Ac08,
(100)1, 328.2 [M+-CO-2ACOH, (9)], 250.2 (8 ), 235.1 (13), 207.0 (9),
175.0 (7), 147.0 (18), 109.1 (81), 79.1 (13), 75.1 (30).
215
Isolation of Asterosplculln (65): The fourteenth fraction (250 mg)
of Scheme 4 was chromatographed by HPLC with a silica gel column and 
hexane-acetone as eluent to give 9 fractions. The fourth fraction (127 
mg) was resolved by HPLC using a reverse-phase Cjg column and MeOH-H^O 
(7:3) to yield 2 reactions. The first fraction contained a known com­
pound, 13-epi-9-0-deacetylxenicin (3), The second fraction contained 90 
mg of pure asterospiculin (65) as a viscous oil; [a]g -163.37° (c. 051, 
CHCL3 ); UV (EtOH) 241 nm (e = 15900); IR (neat) 3540, 3020, 2970,
2925, 2850, 1730, 1640, 1440, 1375, 1365, 1240, 1150, 1020, 980, 9 00
cm“ ;̂ for ^H and ^^C NMR data see Tables 27 and 28: low resolution mass 
spectrum (12 eV) m/z (relative intensity) 462.3 [M'*’, (1)], 444.2 [M'*'- 
HgO, (7)], 402.2 [M+-ACOH, (28)], 384,1 [M+-Ac0H-H?0 (8 )], 342.2
[M+2AcOH, (14)], 324.2 [M^-^AcOH-H^O, (20)], 282.2 [M+-3AcOH, (28)],
264.2 [If^-OAcOH-HgO, (26)], 249. J (29), 209.1 (62), 183.1 (44), 155.0 
(39), 145.1 (85), 131.0 (82), 107.1 (100), 91.1 (81); high- resolution 
mass spectrum, observed m/z (composition, interpretation, calculated 
millimass) 444.25183 (Cg^H^^O^, M^-H^O, 444.25119), 348.22931 (Cg^H^g 0^,
M+-AcOH, 348.23006), 324.20845 (0 2 2 *2 8 °2' M+-2ACOH-H2O, 324.20893),
282.19514 (022*26°' *‘*’"3Ac0H, 282.1984), 264.18813 (0 2 0 *2 4 , M+-3AcOH- 
H2 O, 264.18780), 249.16353 (O1 9H2 1 , M+-3Ac0H-H20-Me, 249.16433),
107.08612 (OgH^j^), 105.07103 (OgHg), 93.07041 (O^Hg); FD spectrum, m/z, 
462.
Isolation of 7 ,8-Dihydro-7a,8a-epoxyasterospiculin (^) : The
fourteenth fraction (250 mg) (see Scheme 4) was chromatographed by HPLC 
with a silica gel column and hexane-acetone (82:18) as eluent to give 9 
fractions. The ninth fraction ( 8  mg) was resolved by HPLC using a
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reverse-phase Cjg column and MeOH-HgO as a mobile phase to give 2 frac­
tions. The first fraction contained 3.7 mg of 40 which was discussed 
above. The second fraction contained 1.9 mg of 7 ,8-<iihydro-7ct,8ci-epoxy- 
asterospiculin (6 6 ) as a colorless oil; UV (EtOH) 241 nm (e =
15900); IR (neat) 3440, 2980, 2930, 2850, 1730, 1640, 1440, 1375, 1240
1080, 1030, 970, 910, 875 cm"^; for and n m r data see Tables 27 
and 28; low resolution mass spectrum (12 eV): m/z (relative intensity):
460.1 [K̂ ’-AcOH, (3)], 418.2 [M+-AcH0, (3)], 400.1 [M^-H^O-AcOH, (8 )]
358.2 [M+-2 AcOH, (4)], 340.2 [M+-2 AcOH-HjO, (9)], 298.2 [M+-3 AcOH,
(4)], 280.2 [M+-3 AcOH-HgO, (22)], 265.1 (12), 239.2 (20), 209.2 (27),
197.1 (30), 185.1 (31), 161.0 (36), 149.0 (67), 147.1 (64), 145.0 (74),
134.0 (90), 60.1 (100).
Enpoidation of Asterospiculin (65): To a solution of asterospicu­
lin (65) (18 mg) in CHCLg (7 mL) at 2° was added a solution of m-chloro-
perbenzoic acid (10 mg) in CHCLg (2 mL) dropwise with stirring over a 
period of 2.5 h. Stirring was continued for another 2 h. The reaction 
mixture was extracted with 15% NagCo^ solution, and then water, and the 
solvent was evaporated to give 14 mg of an oily material. The oily ma­
terial was chromatographed by HPLC with a silica gel column and hexane- 
acetone (75:25) as eluent to yield 2 fractions. The first fraction 
(8.5 mg) was found to contain 7,8-dihydro-7ct,8ct-epoxyasterospiculin 
(6 6 ), identical in all respects (TLC, NMR, IR) with the natural ma­
terial. The second fraction contained a mixture of 2 epimeric compounds
62 and 68 (0.8 mg each); for ^H NMR data see Table 27.
Isolation of 4Ç,12Ç:7a,Sa-Diepoxy-4,12:7,8-tetrahydro-3—O-deacetyl- 
asterospiculln (§§): A 4 g portion of CCL^ extract, see Scheme 1, was
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chromatographed on a column of silica gel (15 X 6.5 cm). Elution started 
with hexane-EtOAc (8:2) then the amount of EtOAc was gradually increased 
while 25 fractions were collected. The most polar fraction (fraction 
25) (10 mg) was subjected to HPLC using a silica gel column and hexane- 
acetone (7:3) as eluent to yield 3 fractions. The third fraction con­
tained 2.7 mg of compound as a white powder; [ct]ĝ  0.0 (c.0.27, 
CHCL3 ); IR (neat) 3500, 3025, 2930, 2850, 1730, 1445, 1380, 1240, 1040, 
970, 950, 905, 875 cm“ ;̂ for and NMR data see Tables 27 and 28; 
low resolution mass spectrum (70 eV) m/z (relative interjsity) 337.2 [M^— 
*̂ 6“ ll°2 (2)], 295.2 (10), 235.2 (2), 217.1 (4), 199.1 (3), 159.2 (15),
105.1 (23), 97.2 (100); high-resolution mass spectrum, observed m/z
(composition, interpretation, calculated millimass) 374.2125 (0 ,2 8 3 0 0 5 , 
M+'AcOH-H,!^ 374.20933), 337.16476 (C^gHggO.), 295.15744 (CigH^gOj, M+- 
AcOH-H^O-C^Hy, 295.15455), 235.13560 (Ci^HigOg, 1^-2 AcOH-HgO-C^Hy,
235.13342), 217.12444 (C^/^H^yOg, lT-2 AcOH-HgO-CgHy, 217.12286),
199.11378 (C1 4H 3 5 O, M+-2 AcOH-3 HgO-C^Hy, 199.11229), 187.11362
(C1 3H 1 5O), 175.11184 (CJ2H 3 5 O), 159.11823 (0 ^2^ 1 5 )' H9-08641 (CgH^), 
109.0666 (CyHgO), 98.07267 (C^H^gO), 97.0657 (C^HgO) ; FD mass spectrum 
m/z, 452.
Acétylation of couqiound Acetic anhydride (0.02 mL) was added
to a solution of 62 (0.5 mg) in pyridine (0.02 mL) and the mixture was 
stirred at room temperature for 24 h. The excess of reagents were then 
removed with a stream of nitrogen and the residue was chromatographed by 
HPLC using a silica gel column and hexane-acetone (8:2) as eluent to 
give pure 20: 'h NMR data see Table 27; low resolution mass spectrum
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(12 eV) m/z (relative intensity) 338.1 [M+-2 AcOH-2 HjO, (12)], 337.2
(70), 217.0 (19), 199.1 (13), 159.0 (11), 97.1 (100).
Isolation of Perldinin (713 : The nineteenth fraction (40 mg) of
Scheme 4 was chromatographed by HPLC with a silica gel column and
hexane-acetone (75:25) as eluent to give 6 fractions. The fourth of 
these fractions was purified by HPLC using a reverse-phase Cĵ g column 
and MeOH-H2 0 as a mobile phase to yield 7.5 mg of pure peridinin (21) as 
an orange-red pigment. Compound 21 has the following spectral data: IR
(CHCL3 ) 3400, 2970, 2940, 2870, 1940, 1750, 1735, 1600, 1525, 1450,
1370, 1255, 1165, 1135, 1070, 1030, 990, 900 cm"^; 300-MHz NMR
(CDCLg) (number of protons, multiplicity, J in Hz, assignment) 5 0.97 
(3, s), 1.07 (3, s), 1.20 (6 , s), 1.27 (1, dd, 11.8, 10, H-2'), 1.35 (3, 
s), 1.38 (3, 3 ), 1.40 (1, t, 12, H-2), 1.51 (1, dd, 13.2, 11.7, H-4),
1.64 (1, ddd, 12.5, 3.5, 1.7, H-2'), 1.64 (1, dd, 14.2, 8.9, H-4'), 1.80
(3, s, Me-16), 1.99 (1, ddd, 14.5, 4.1, 1.9, H-2), 2.04 (3, s, OAc), 
2.23 (2, s, Me-20'), 2.29 (1, ddd, 13.6, 6.1, 1.9, H-4), 2.40 (1, ddd, 
14.3, 5.1, 1.5, H-4'), 3.90 (1, m, H-3'), 5.37 (1, tt, 11.5, 4.2, H-3), 
5.73 (1, s, H-12'), 6.05 (1, s, H-8 ), 6.10 (1, br d, 11.7, H-10), 6.37 
(1, d, 14.6, H-7'), 6.35-6.46 (3, m, H-12, H-15, H-15'), 6.53 (1, br d, 
10.6, H-14'), 6.60 (1, dd, 13.9, 11.4, H-11), 7.02 (1, s, H-10'), 7.16
(1, d, 15.4, H-8 '). 75.4-MHz (CDCLg) 6 14.0 (q), 15.42 (q),
19.89 (q), 21.4 (q), 24.90 (q), 29.17 (q), 29.53 (q), 31.24 (q), 32.07 
(q), 35.23 (a), 35.80 (s), 40.92 (t), 45.23 (t), 45.42 (t), 47.2 (t),
64.18 (d), 67.53 (s), 67.98 (d), 70.48 (s), 72.66 (s), 103.32 (d),
117.60 (s), 119.24 (d), 121.80 (d), 124.77 (s), 127.8 (d), 128.94 (d),
131.49 (d), 133.03 (d), 133.64 (d), 133.91 (s), 133.97 (s), 170.44 (s).
219
202.66 (s); low resolution mass spectrum (12 eV) m/z (relative inten­
sity) 630.5 [M+, (4)1, 612.4 (21)1, 552.3 [M+'H^O-AcOH, (15)1,
275.1 (12), 234.1 (14), 223.1 (10), 221.2 (7), 207.0 (6 ), 197.0 (12),
181.1 (100), 149.2 (100).
Isolation of (22R)-24Ç-ilethyl-5a cholestane-33,5,68 ,22,24-pentaol 
6-Acetate (Z2)- The twenty-first fraction (0.31 g) of Scheme 4 was 
chromatographed by HPLC with a silica gel column and hexane-acetone 
(75:25) as eluent to give 4 fractions. The most polar fraction (frac­
tion 4) was rechromatographed by HPLC using a reverse-phase Cĵ g column 
and MeOH-H^O (8:2) as a mobile phase to afford 2 fractions. The first 
fraction contained 3 mg of asteroxeniolide-A (54), a new compound which 
was discussed above in this section. The second fraction consisted of 
130 mg of pure 22 as a colorless oil: -29.2 (c. 0.31 CHCLg) ; IR
(CHCLg) 3600, 3440, 2950, 2870, 1728, 1460, 1440, 1375, 1250, 1210,
1090, 1030 cm  ̂; 300-MHz NMR (CDCLg) (number of protons, multi­
plicity, J in Hz, assignment) S 0.70 (3, s, Me-18), 0.85 (3, d, 7.5 Hz, 
Me-27 or Me-26), 0.95 (3, d, 7.5 Hz, Me-21), 0.98 (3, d, 7.5 Hz, Me-26 
or Me-27), 1.07 (3, s, Me-28), 1.14 (3, s, Me-19), 2.03 (1, sept, 7.5 
Hz, H-25), 2.05 (3, s, OAc), 4.07 (1, m, H-3), 4.07 (1, br d, 11 Hz, H- 
22), 4.70 (1, br t, 3.0 Hz, H-6 ); 300-MHz NMR (CD3 OD) 6 0.74 (3, s, 
Me-18), 0.89 (3, d, 7 Hz, Me-27 or Me-26), 0.96 (3, d, 7 Hz, Me-21), 
0.98 (3, d, 7 Hz, Me-26 or Me-27), 1.06 (3, s, Me-28), 1.16 (3, s, Me- 
19), 2.05 (3, s, ^-^-0), 4.0 (1, tt, 11, 5.4 Hz, H-3), 4.06 (1, br d, 
11 Hz, H-22), 4.71 (1, t, 3 Hz, H-6 ); 75.4-MHz nMr (CD3OD) 5 14.29 
(Me-18, q), 14.72 (Me-21, q), 18.77 (Me-19, q), 19.07 (Me-27 or Me-26, 
q), 20.76 (Me-26 or Me-27, q), 23.11 (CH3-C-O, q), 23.91 (t), 24.72 (Me-
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28, q), 27.03 (t), 30.49 (t), 33.21 (t), 33.78 (d), 34.11 (t), 34.87 
(t), 37.96 (d), 40.21 (t), 41.20 (C-10, s), 42.63 (t), 43.05 (t), 45.7
(d), 45.92 (C-13, s), 47.75 (d), 55.85 (d), 58.50 (d), 69.54 (C-3, d),
72.54 (C-22, d), 77.15 (C-5, s), 78.13 (C-24, s), 79.49 (C-6 , d), 169.70
0
(CHjC-O, s); low resolution field desorption mass spectrum, observed 
(508); high-resolution mass spectrum, observed m/z (composition, inter­
pretation, calculated millimass) 369.27794 (C2 5 H3 7 O2 . M^-2 HgO-AcOH-
CgHy, 369.27936), 360.26912 (C2 3 H3 6 O3 , M+-0H-CyH^g02, 360.26645),
300.24382 (C2 1 H3 2 O, K^-Ac0H-OH-C7H^5O2, 300.24532), 282.23263 (C2 1 H3 0 . 
M+-Ac0H-H20-0H-CyH^302, 282.23475), 131.10794 (6 7 8 ^3 0 2 , M+-C2 3 H3 7 O4 ,
131.10721), 123.11900 (CgH^g, M^-C2 iH3 yO^, 123.11738), 113.09858
(C7 H1 3 O, M’̂ -H20-C23H3y0^, 113.09664); low resolution mass spectrum (12 
sV) (relative intensity) 369.3 (4), 360.3 (8 ), 300.3 (53), 282.2
(6 ), 131.1 (19), 123.2 (9), 113.2 (100), 99.2 (16), 95.2 (15).
Acétylation of cosçound 22* Compound 22 ( 12 mg) was allowed to
react with 3 mL of acetic anhydride-pyridine (1:3) at room temperature
for 24 h. The excess of reagents were evaporated in vacuo, and the re­
sultant oily residue was purified by HPLC using a silica gel column and 
hexane-acetone (8:2) as eluent to yield 8 mg of pure 25: 300-MHz NMR
(CDCL^) (number of protons, multiplicity, J in Hz, assignment) 6 0.69 
(3, s, Me-18), 0.88 (3, d, 7.5 Hz, Me-27), 0.91 (3, d, 7.5 Hz, Me-26), 
0.94 (3, d, 7 Hz, Me-21), 1.03 (3, s, Me-28), 1.14 (3, s, Me-19), 4.69 
(1, t, 3 Hz, H-6 ), 5.14 (1, tt, 11, 5,4 Hz, H-3), 5.19 (1, br d, 11 Hz, 
H-22); 75.4-MHz ^^C NMR (CDCL3 ) 6 12.24 (C-18, q), 12.81 (C-21, q),
16.34 (C-19, q), 16.95 (C-27or C-26, q), 17.83 (C-26 or C-27, q), 21.01 
(t), 21.47 (OAc, q), 21.50 (OAc, q), 21.75 (OAc, q), 22.86 (C-28, q).
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24.19 (t), 26.62 (t), 27.05 (t), 30.73 (d), 31.38 (t), 31.76 (t), 36.03 
(t), 36.84 (t), 37.61 (d). 38.47 (C-10, s), 39.79 (t), 40.07 (d). 43.06 
(C-13, s), 45.0 (d), 52.76 (d), 55.39 (d), 70.57 (C-3, d), 73.56 (C-22, 
d), 74.03 (C-5, s), 74.90 (C-24, s), 76.05 (C-6 , d) 170.13 (s), 170.55 
(s), 170.61 (s); low resolution m s s  spectrum (12 eV) m/z (relative
intensity) 549.5 [M+-C^Hy, (3)], 514.4 [M^-AcOH-H^O, (9)], 489.3 [N+- 
ACOH-C3H7 , (26)], 472.4 [N+-2 AcOH, (10)], 545.4 [M+-2 AcOH-HgO, (15)],
429.3 [M+-2 ACOH-C3H7 , (11)], 412.3 [M+-3 AcOH, (16)], 411.4 [M+-2 AcOH- 
H2 O-C3H7 (42)], 394.4 [lf^-3 AcOH-H^O, (12), 276.3 [M+-3 ACOH-2H 2O,
(23)]. 369.3 (51), 368.3 (60), 351,4 (74), 326.3 (83), 308.3 (100),
253.3 (35), 211.2 (33), 155.1 (84), 124.2 (64), 113.1 (79).
Hydrolysis of compound A 2.5 mg of Z2 was heated with 15% KOH
in 95% ethanol (7 ml) under ref lute for 25 min. The reaction mixture was 
cooled to room temperature, acidified, diluted with water and then ex­
tracted with CHCL3 . The organic layer was evaporated under nitrogen to 
afford an oily residue. The oily residue was purified by HPLC with sil­
ica gel and hexane-acetone (6:4) to yield pure 73 (1.5 mg) as a white 
powder. Compound 73 has the following spectral data: 300-MHz ^H NMR
(CDCL3 ) (number of protons, multiplicity, J in Hz, assignment) 6 0.70 
(3, s, Me-18), 0.88 (3, d, 7 Hz, Me-27), 0.96 (3, d, 7 Hz, Me-26), 0.99 
(3, d, 7 Hz, Me-21), 1.08 (3, s, Me-28), 1.17 (3, s, Me-19), 3.52 (1, br 
t, 3.5 Hz, H-6 ), 4.08 (1, m, H-3), 4.10 (1, br d, 11 Hz, H-22); 300-MHz
^H NMR (pyridine-dg) 6 0.75 (3, s, Me-18), 1.02 (3, d, 7 Hz, Me-27), 
1.21 (3, d, 7 Hz, Me-26), 1.24 (3, d, 7 Hz, Me-21), 1.34 (3, s, Me-28), 
1.67 (3, s, Me-19), 4.17 (1, q, 4.5 Hz, H-6 ), 4.46 (1, m, H-3), 4.88 (1, 
m, H-22), 5.29 (1, s, 24-OH), 5.92 (1, s, 5-OH), 6.03 (1, d, 4.5 Hz, 22-
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OH), 6.07 (1, d, 3 Hz, 3-OH), 6.16 (1, d, 4.5 Hz, 6 -OH) ; 75.4-MHz 
NMR (CDCL3 + 5% CD3OD) 5 11.65 (C-18, q), 12.07 (C-21, q), 16.34 (C-19, 
q), 16.34 (C-27 or C-26, q), 18.33 (C-26 or C-27, q), 20.90 (t), 22.55 
(C-28, q), 24.08 (t), 27.59 (t), 30.11 (d), 30.23 (t), 32.08 (t), 33.89
(t), 34-01 (d), 37.11 (t), 37.94 (C-10, s), 39.74 (t), 39-90 (t), 42.42
(d), 42.91 (C-13, s), 45-33 (d), 52-6 (d), 55-47 (d), 67-16 (C-3, d), 
68-81 (C-22, d), 75-37 (C-5, s), 75-65 (C-6 , d), 75-67 (C-24, s); low 
resolution mass spectrum (12 eV) m/z (relative intensity) 448-4 [M"^-H2 0 , 
(0.7)], 405-3 [M+-H2 O-C3 H7 , (1)1, 369-3 [M+-3 H2 O-C3H 7 , (3)], 318-3
(50), 300-2 (49), 282-2 (9), 131-1 (21), 113.1 (100).
Oxidation of compound 22- ^ 2.5 mg of compound 22 was dissolved in
0.5 mL of acetone and one drop of Jones reagent was added. The reaction 
mixture was left for one hour and then diluted with CtiCL^, filtered and 
evaporated under a stream of nitrogen to give an oily residue which was 
chromatographed by HPLC using a silica gel column and hexane-acetone 
(7:3) as eluent to yield 1.5 mg of white solid 26: IR (neat) 3400,
2950, 2870, 1727, 1712, 1455, 1435, 1375, 1250, 1214, 1095, 1015 cm~^ ;
300-MHz ^H NMR (CDCL^) (number of protons, multiplicity, J in Hz, as­
signment) 6 0.71 (3, s, Me-18), 0.87 (3, d, 7.5 Hz, Me-27), 0.92 (3, d, 
7.5 Hz, Me-26), 1.10 (3, d, 7 Hz, Me-21), 1.11 (3, s, Me-28), 1.31 (3, 
s, Me-19), 2.02 (1, br d, 15 Hz, 4a-H), 2.07 (3, s, OAc), 2.46 (1, dq, 
10.5, 7 Hz, 20B-H), 2.51 (1, d, 17 Hz, H-23), 2.64 (1, d, 17 Hz, H-23'), 
2.90 (1, d, 15 Hz, 4S-H), 4-64 (1, br t, 3 Hz, H-6 ); 75-4-MHz ^^C NMR S 
12.36 (q), 15.92 (q), 16-2 (q), 16-8 (q), 17.72 (q), 21-1 (q), 21.39 
(t), 22.82 (q), 24.4 (t), 27.45 (t), 30.57 (d), 31.35 (t), 33.64 (d), 
37.26 (t), 37-74 (d), 38.94 (s), 39.60 (t), 42.97 (s), 45.35 (d), 48.0
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(t), 49.0 (t), 50.87 (t), 51.90 (d), 54.92 (d), 73.86 (s), 75.79 (d), 
75.79 (s), 169.80 (s), 210.30 (s), 210.35 (s); low resolution mass spec­
trum (12 eV) m/z (relative intensity) 486.4 [M^-HgO, (8 )], 461.5 [If*"- 
HgO-CgHy, (10)], 403.2 (32), 358.2 (10), 357.2 (13), 315.3 (25), 298.2 
(18), 297.2 (79), 227.1 (20), 211.2 (18), 206.9 (51), 191.2 (29), 167.0
(72), 149.0 (42), 129.0 (13), 125.1 (63), 111.1 (100), 96.1 (57).
Oxidation of Compound 23 (1.5 mg) was dissolved in 0.2 ml of
acetone and treated with 0.05 ml of Jones reagent and the reaction mix­
ture was left at room temperature for one hour. The reaction mixture 
was diluted with CHCLg, filtered and evaporated to give an oil which was 
purified by HPLC using a silica gel column and hexane-acetone (7:3) as 
eluent to give 0.8 mg of white solid 26: 300-MHz ^H NMR (CDCL^) (number
of protons, multiplicity, J in Hz, assignment) ô 0.693 (3, s, Me-18),
0.87 (3, d, 7 Hz, Me-27), 0.92 (3, d, 7 Hz, Me-26), 1.00 (3, s, Me-28),
1.10 (3, d, 7 Hz, Me-21), 1.12 (3, s, Me-19), 2.18 (1, dd, 13, 4 Hz, 7S- 
H), 2.28 (1, dd, 16, 2 Hz, 4a-H), 2.47 (1, m, H-20), 2.50 (1, d, 16.5 
Hz, H-23), 2.66 (1, d, 16.5 Hz, H-23'), 2.73 (1, t, 13 Hz, 7a-H). 2.92 
(1, d, 16 Hz, 4B-H); low resolution mass spectrum (12 eV) m/z (relative 
intensity) 442.4 [M^-H^O, (7)], 424.3 [M+-2H2O, (3)], 417.3 (15), 399.3 
(8 ), 374.3 (10), 359.3 (32), 356.3 (20), 331.2 (63), 313.3 (100), 285.2 
(43), 276.2 (50), 129.1 (9), 111.1 (82), 86.1 (41).
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The nudibranch, Tpidaahia cpispata is a marine mollusc in the 
family of Elyslldae. It Is a common species found In shallow water ( 6  m 
In depth) and occurs on reef and algal covered areas. It has been 
observed on dead parts of the coral Aoropopa aepvioopnis, Tpidaahia 
apispata lacks the shield of an external shell and Its dorsal surface, 
which reaches 10 cm in length, has a group of ruffled ridges on its 
back. The cells of the dorsal surface contain chloroplasts, acquired 
from food eaten by the nudibranch, which produce secondary metabolites 
by photosynthetic processes using dissolved Inorganic carbonate. Tpi­
daahia apispata which possesses functional chloroplasts obtained from 
slphonous marine algae.^
The chemistry of oplsthobranch molluscs has turned out to be very 
Interesting.^ The absence of shell protection for oplsthobranchs has 
led these marine molluscs to use other types of defense, such as toxic 
or noxious chemicals which are acquired from their dlet.^’^
Faulkner et al. have Investigated the chemistry of two marine mol­
luscs, Tpidaohiella diomedea^ and Tridaohia apispata obtained from 
the Gulf of California, and the Caribbean, respectively. Figure 1 
exhibits the structures of 4 metabolites which they have isolated from 
Tpidaohiella diomedea and Tpidaahia apispata.
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We have investigated Tridaohia criapata, collected from Jamaica, 
Discovery Bay, and this work has resulted in the isolation of the known 
metabolites crispatone (3) and crispatene (|j), and nine more new 
compounds (see Figure 2).
Results and Discussion
The nudibranch, Tridaohia ariepata, used in this work was collected 
from Jamaica, Discovery Bay, in June 1979, in shallow water (~ 1-2 m in 
depth). Eighty animals were shipped frozen to Oklahoma. The specimens 
were allowed to thaw for 24 h, and soaked in acetone (4000 mL) for one 
day. The acetone solution was concentrated and the concentrate diluted 
with HgO and extracted with ether (2 X 3000 mL). The ether-soluble 
portion of the acetone extracts was chromatographed extensively accord­
ing to Scheme 1 to yield 11 compounds which are described individually 
below.
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Identification of Crispatone Q ) :
The ether-soluble fraction of acetone extracts of homogenized
was chromatographed over silica gel to give 24 frac­
tions. The twenty-second of these fractions was rechromatographed on a 
short column of silica gel to obtain 5 fractions. The most polar frac­
tion (fraction 5, 20 mg) was subjected to HPLC with a silica gel column 
and hexane-acetone (65:35) as eluent to afford 5 fractions. The second
of these fractions was further purified by reversed-phase HPLC to obtain
12 mg of pure crispatone (3) as a colorless oil. The molecular formula 
^2 5^3 4 ^ 5  was deduced from the analysis of the high-resolution mass 
spectral data of 2. The ^^C NMR spectra (Figure 3) indicated the 
presence of 25 carbons including 9 methyls, one methylene, 5 methines, 
and 10 quaternary carbons. The 'H ®IR spectrum (Figure 4) displayed 
signals for 6 methyl singlets, two methyl doublets, and a methyl trip­
let. This isolate was identified as crispatone (3), isolated by Ireland
and Faulkner® from , when it was found that the ^H NMR
and ^®C NMR data of the isolate and crispatone were identical.
Identification of Crispatene (&):
Fraction C3 (15 mg) of Scheme 1 was chromatographed by HPLC using a 
reverse-phase Cjg column and MeOH-HgO (8:2) as eluent to yield 10 frac­
tions. The tenth of these fractions contained 6.2 mg of pure crispatene 
(^) as a colorless oil. The molecular formula €2 ^8 3 4 0^ was obtained for 
6 from the following spectral data: (a) the low-resolution mass spec­
trum displayed the molecular ion at m/z 398; (b) the ^H NMR spectrum 
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Figure 3 . (a) 75.4- MHz broadband H decoupled C NMR spectrum 
of crispatone ( 2 ) in CDCl^• (b) ail protonated carbons, (c) 
niethine carbons, (d) methylene carbons, (e) methyl carbons. 
Spectra b-e were recorded in CDCl^ at 75.4 MHz and resulted 
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Figure 6. (a) 75.4 MHz broadband proton decoupled ^^C NMR 
spectrum of crispatene ( 4) in CDCl^ . (b) ail protonated 
carbons, (o) methine carbons, (d) methylene carbons, (e) 
methyl carbons. Spectra b-e were recorded in cnci^ at 75.4 
MHz and resulted from a DEPT exoeriment.
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5 . 1 8  t  
7
2 . 0 5  m
0 . 6 8  t  
7
2 . 0 7  a 
2 . 0  B 
1 . 3 2  a
1 . 8 0  B
1 . 3 6  a 
1 . 6 0  a
3 . 9 3  a
5 . 56  a 
5 . 6 5  a
2.71  a
5 . 0 9  t  
7
0 . 6 9  t  
7
2 . 0 3  a 
1 .81  a 
1 .32  a 
1 . 6 9  a 
1 . 7 6  
1 . 6 0 a
3 . 9 5  a
1.11 b r  
5 . 4 5  b r
3 . 5 2  b r  a
2 . 8 0  q 
7
1 . 1 5  t  
71.81 a
1 . 9 8  a
1 . 1 9 a
1 . 28  a
1 . 5 8  b r  a
5 . 7 2  a 
6 .21  a
3 . 9 6
1 . 8 3  b r  a
2.50
19202 . 8 0  b r  d 
8.2
2 . 8 0
1 .13 21
1 . 8 2 17
1 .95
1 . 26  a
1 . 2 5  a
1 . 0 5  d 
7 . 1  
5 . 9 2  a 
6 . 2 2  a
3 . 9 6
Spectra were recorded in CDCl^ at 220 HH% with TMS as internal standard. 
^'Spectra were recorded in CDCl^ at 300 with TMS as internal standard,
assignments were made by spin decoupling and HOE experiments and by analogy 
to compounds ] and 4» All values are given In S units.
Table la.  ̂H NMR Data of crispatone (2)> Crispatene (i)» and Tridachiapyrones
H// 2 4 5 6 i Ig 1 1 li 1 2
H-7 1,89 br a 1.41 br 0 6,60 br a 6,63 br 5 . 6 4 br 0 5.61 br a 5.50 br a 5.47 br a 5.16 br a
li-9 5.39 br a 5 . 6 9 br 0 5.71 br 8 3 . 0  br 8 3.16 br a 3.22 br a
H-10 2.37 q
7.2
H-11 2 , 4 0  br B 2.80 br 2,78 hr a 2.80 br a 3.40 br 8 5.64 br a
H-13 5.37 br d 5 . 2 6 br d 4.96 br d 4.99 br d 4.97 br d 5.07 br d 5.41 br d 4.42 dq 5.19 br d
8 8 8 8 9.8 9.5 9.2 7, 2 9.8
H-U. 3.45 dq 3.45 dq 3.39 dq 3.3? dq 3 . 1 6 dq 3.20 dq 3.50 n 2.78 quintet 3.42 dq
8 , 7 8 , 7 8 , 7 8 , 7 9 .8 , 6.5 9.5, 7 7 9 .8 , 7
11-15
11-16 2.47 D 2.47 a 2.32 n 2.41 a 2.34 u 2.11 a 2.46 a 2.48 t 2.42 a
Ho-17 1.05 t 1.04 t 0.99 t 1.01 t 0.98 t 0.88 t 1.05 t 1.03 t 1.03 t
7 7 7 7.1 7 7 7.2 6.9
Mo-18 1.83 a 1.04 a 1.85 a 1.84 a 1.80 ,i 1.81 a 1.85 a 1.86 a 1.82 a
Mo-19 1.95 a 1.95 a 1.85 a 1.84 a 2.08 a 2.10 a 2.02 a 2.25 a 2.07 a
Mo-20 1.20 a 1.11 0 1.63 a 1.66 a 1.43 n 1.44 s 1.17 a 1.45 o 1.31 a
7.2
Hu-23 1.83 br □ 1,58 br o
2.41 2.34 2.11 ■ 2 . 4 6
1 .01 t 0.98 1.05 t
, a 1.84 a 1 .BÜ 1,81 1.85 a
a 1.84 2.00 u 2.10 2.02 a
a 1.66 1.43 .44 1.17 a
1.94 1.95 br 0 1.79 1 .80 1.95 br
1.72 a 1 , 7 2 1.69 br a 1.75 br a 1.32 8
1.70 br a 1,67 br a 1 . 4 6 br 0 1.44 br a 1.58 br
1.17 d 1 ,08 d 0,75 (1 1.05 d 1.20 d
7 7 6 ,  5 73.96 3.93 3.97 3.98 3.98
Mo-21 1,24 0 1.20 0  br a  o 1.79 br a ,  br a 1.95  a 1.53 br a 1,77 br a
Mo-22 1.05 d 1,61 br a   .  a  a  a 1.32 a 1.56 a 1,65 br a
4.92 t, 2 1.65 hr a
4.84 t, 2
1.13 d 1 . 1 2  dMo-24 1.17 d 1 . 1 6  d 1.17 d 1.08 d <’•''5 ‘j 1-05 0 1.20 d 1.13 d 1 . 1 2  a
7 7 7 7 .   ' '
OMe 3.95 a 3.94 a 3.96 a  a 3.97 u 3.98 a 3.98 a 3.94 a 3.92 a
Spectra were recorded at 300 MHz in CDCl^ with TMS as internal standard, assignments 
1 1were established by H decoupling, I! difference decoupling, and MOEDS experiments 
and by analogy to the reported values^ for 1, 3, and 4« All values are given in 5
units.
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NMR spectra were recorded at 20 MHz and assignments were made by using values.
a^b;t >tl; These assignments may be interchanged. ° Assignments were not made for the 
following signals, 5 21.8 (q), 21.5 (q), 20.2 (q), 12.9 (q), 12.0 (q). ^Assignments
were not made for the following signals, A 22.3, 21.5, 13.8, 13.7. All spectra were obtaln- 
In CDC1„.
Table NMR Data of Crispatone (2)> Crispatene (i), 5» é> and 2
c// 2 à 6 2
1 1 6 2 . 2 0  s 162.17 s 161.85 s 1 6 1 . 9 4  8 1 6 1 . 9 0  s
2 9 9 . 8 4  s 9 9 . 4 5  8 9 9 . 9 5  s 100.02 s 96.95 s
3 181.06 s 181.46 s 180.27 s 1 8 0 . 5 4  8 1 8 1 . 1 0  s
A 1 2 0 . 9 4  8 126.34 8 1 2 1 . 9 4  8 122.16 s 119.79 s
5 1 5 7 . 4 2  s 1 5 9 . 9 5  8 1 5 8 . 0 5  s 1 5 8 . 0 5  8 161.20 s
6 4 2 . 4 5  8 4 0 . 6 8  s 4 8 . 1 3  8 48.62 8 59.51  s
7 3 7 . 6 3  d 3 6 . 7 6  d 146.21 d 1 4 6 . 7 8  d 1 2 4 . 1 9  d
8 3 1 . 9 2  s 3 1 . 8 8  a 1 3 2 . 1 9 ^ ^  8 1 3 2 . 2 0 8  8 137.71 s
9 2 1 5 . 5 1  8 1 2 9 . 2 9  d 1 8 6 . 0 5  s 186.03 8 1 2 2 . 9 4  d
1 0 4 9 . 1 4  d 1 4 3 . 2 5  8 133.35^^ 8 1 3 3 . 2 8 &  8 134.10 s
11 5 1 . 3 2  d 5 8 . 1 6  d 1 5 6 . 3 3  8 1 5 6 . 1 3  8 4 5 . 5 2  d
1 2 1 3 7 . 0 4  8 1 3 7 . 6 7  8 134.27''^ 8 133.71% s 136.08 8
13 1 2 6 . 8 8  d 1 2 6 . 4 6  d 1 3 0 . 1 9  d 130.58 d 1 2 8 . 7 0  d
14 4 6 . 0 2  d 4 6 . 0 7  d 4 6 . 1 0  d 46.46 d 5 9 . 6 7  d
15 2 1 1 . 9 5  8 2 1 2 . 2 8  8 2 1 0 . 9 1  8 2 1 0 . 2 6  s 2 1 2 . 2 1  s
1 6 3 3 . 8 1  t 3 3 . 6 5  t 3 3 . 7 5  t 3 4 . 5 8  t 3 4 . 2 9  t
17 c 0 f g h
1 8 6 . 8 2  q 6.76 q 6 . 9 7  q 7 . 0 3  q 6.72 q
19 1 0 . 8 7  q 1 2 . 9 2  q 12.68 q 12.70 q 12.24 q
2 0 c e f g h
21 c e f g h
2 2 c e f g h
23 c e f g h
24 c e f g h
OMe 5 5 . 3 6  q 5 5 . 0 8  q 5 5 . 4 5  q 5 5 . 9 4  q 5 5 . 3 8  q
Spectra were recorded. at 7 5 . 4  MHz in CDCl,, multiplicities were established by
exper inients, assignments were made by analogy to the reported values for 2 and ,é'TMS was used as internal standard, and the values are given in 5 units.a Assignment 
may be interchanged. ° These signals, 16.8 (q), l6.0(q), 1,i.0(q), 11./(.(q), 10.87(q), 
and 7,9(q), were not assigned . ^These signals, I6.59(q), 13.6(q), 13.35(q), 12.9 
(q), 10.7(q), and 7.9(q) were not assigned . ^These signals, 2A.2(q), 15.8(q), 16.7 
(q), 17.6(q), 9.0(q), and 7.6{q), were not assigned. S These signals, 2A.5(q), 15.9 
(q), l6.5(q), 17.5(q), 9.2(q), 7.S(q), were not assigned. " These signals, 22.28(q), 
21.6(q), 16.1(q), 1i.2(q), 27.0(q), 8.0(q), were not assigned.
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absorptions were observed at 1715 and 1660 cni“  ̂ (carbonyls); (d) the 
NMR data Indicated the presence of 25 carbons including two carbonyl 
carbons, [212.28 ppm (C-15, s); 181.46 (C-3, s)], and one sp^ carbon 
deshielded by two oxygen substituents, [162.17 ppm (C-l, s)]. The 
NMR spectrum (Figure 5) exhibited 7 methyl singlets, one methyl doublet, 
and one methyl triplet (see Table 1). The NMR spectra (Figure 6 ) 
contained signals for 9 methyls, one sp^ methylene, 3 sp^ methines and 2 
sp^ methines, and 8 quaternary carbons in addition to the two carbonyl 
carbons. The spectral properties of compound 6  (see Tables la, 2a and 
experimental) are identical to those of crispatene isolated earlier by 




Fraction C6 of Scheme 1 was chromatographed by HPLC with a reverse- 
phase Cĵ g column and Me0H-H2 0 (75:25) as eluent to yield 7 fractions. 
The third of these fractions was resolved by HPLC using a reverse-phase 
Cĵ g column and Me—OH-H2O (42:58) as a mobile phase to give two pure com­
pounds, 5 (1.5 mg) and è (1.8 mg), as colorless oils. A molecular for­
mula C2 ^Hg2 0 g for 5 was derived from the following considerations: (a)
the low resolution mass spectrum of 5 showed a molecular ion at m/z 412; 
(b) the ^^C NMR spectra of 5 indicated the presence of 25 carbons in­
cluding 3 carbonyl carbons, (180,27 ppm, C-3), (186,05, C-9), and
(210,9, C-15); (c) the ^H NMR spectrum of 5 (Figure 7) contained signals
^assignment was made by analogy to crispatone (3) (see Table 2).
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for 32 non-exchangeable protons including a methyl signal deshielded by 
a single oxygen, (3.96 ppm, OMe); (d) the IR spectrum of 5 displayed two 
carbonyl bands at 1710 and 1650 cm” ,̂ and two bands at 1660 and 1590* 
cm”  ̂due to a Y-pyrone. The NMR spectra of ^ revealed the existence 
of 9 methyls, one sp^ methylene, one sp^ methine and 2 sp^ methines, and 
9 quaternary carbons, in addition to the three carbonyl carbons. The 
NMR data (C-l to 0-5) (see Table 2a) and NMR signals at 1.85 ppm (s, 
6H) and 3.96 (s, 3H) together with the IR bands at 1660 and 1590 cm~^ 
and UV band at 248 nm suggested the existence of the a-methoxy- 6  ,B'- 
dimethyl-Y-pyrone ring system (partial structure A).
The NMR spectrum of 5 showed a down-field proton signal at 6.60 ppm 
(H-7) which was coupled (J = 1.5 Hz) to the methyl signal at 1.94 ppm 
(Me-21). The chemical shift of H-7 suggested that it could be at S po­
sition of an u ,6 -unsaturated carbonyl system (partial structure B). The 
side chain structural feature in 3 was established by ^H decoupling
*assignment was made by analogy to compound 3.
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experiments. Irradiation of the multiplet at 2.32 (H-16) collapsed the 
methyl triplet at 0.99 ppm (Me-17) and also sharpened the signal at 
3.39 ppm (H-14) (long-range "W"-type coupling). Considerations of the 
chemical shift of H-16 together with the mutual coupling between H-16 
and Me-17 suggested a terminal ethyl ketone group. The olefinic proton 
signal at 4.96 ppm (H-13) was coupled (J = 1.4 Hz) to the vinylic methyl 
signal at 1.70 ppm (Me-24) and also to the methine proton signal at 3.39 
ppm (H-14) which was in turn coupled (J = 7 Hz) to the methyl doublet 
signal at 1.17 ppm (Me-23). Therefore, a 1,3-dimethyl-l-hexenyl-4-one 





The carbonyl band at 1650 cm”  ̂ in the IR spectrum and the ^^0 NMR 
signal at 186.05 ppm (0-9, s) suggested a cross conjugated ketone as in 
partial structure D. The methyl signal at 1.72 ppm (Me-22) was linked 
to C-10 on the basis of its chemical shift and by applying biogenetic 
rules. The lack of any coupling between the Me-20 signal (1.63 ppm) and 
any other %  signals suggested that Me-20 could be connected to a qua­
ternary carbon (C-6 ), Further evidence for placing a methyl group (Me- 
20) at C- 6  was the observation of an Overhauser enhancement between Me- 
20 and H-7. Moreover, biogenetic rules supported this assignment. The 
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Figure 8 . 300 MHz proton NMR spectrum of' r in CDC1_
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observation of an NOE effect between H-13 and Me-20 and also biogenetic 
reasons. The observed UV band at 248 nm (e = 11900) was assigned to the 
T-pyrone ring and to the cross-conjugated a ,6 -unsaturated carbonyl sys­
tem C-7 to C-11, This suggested that the double bond at C-12,13 was not 
conjugated with the a ,6 -unsaturated carbonyl system (C-9,10,11) since 
such an extended conjugated system would be expected to absorb at longer 
wave lengths. This conclusion was supported by the observation of an NOE 
effect between H-13 and Me-20.
The relative stereochemistries at C- 6  and C—14 were not determined.
Compound § had the same molecular formula as 5. The IR spectrum of 
6  was also identical to that of 5. The ^H NMR spectrum of 6 (see Figure 
8 and Table la) was almost identical to that of 5 but for the two sig­
nals appearing at 2.41 ppm (H-16) and 1.08 (Me-23). Furthermore, the 
NMR spectra of 6 (see Table 2a) and 5 are virtually identical. This 
led to the conclusion that 6  is an epiraar of 3 in regard to the config­
uration at C-14.
The geometry of the double bond at C-12,13 was assigned as E on the 
basis of the Overhauser enhancement observed between Me-23 and H-14 and 
the absence of any NOE between Me-23 and H-13. Irradiation of the Me-21 
caused H-7 to enhance which further confirmed the assignment of Me-21.
Structure elucidation of Tridachiapyrone-E (%):
Fraction B17 of Scheme 1 was chromatographed by reverse phase HPLC 
to yield 14 fractions. The fourteenth of these fractions contained tri- 
dachiapyrone-E (Z), 0.8 mg as a colorless oil. The molecular formula 
^22^28^4 derived from the following spectral data: (a) the low
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resolution mass spectrum exhibited a molecular ion at m/z 356; (b) the 
NMR spectrum (Figure 9) showed signals for 28 non-exchangeable pro­
tons including one for a methyl deshielded by a single oxygen, (3.96 
ppm, OMe); (c) the IR spectrum showed bands at 1690 cm~^ (CO), 1660, and 
1585 cm~^ (y-pyrone). The IR band at 1690 cm~^ together with the UV 
absorption at 225 nm suggested a conjugated carbonyl group. The NMR 
signals at 1.84 ppm (Me-16, s), 1.98 (Me-17, s), and 3.96 (OMe, s) sug­
gested the existence of the a-methoxy-6 ,B'-dimethyl-y-pyrone ring sys­
tem. Two other methyl singlet signals at 1.19 (Me-19) and 1.21 ppm (Me- 
18) and the methine proton signal at 1.41 ppm (H-7) were assigned to a 
cyclopropyl ring by analogy to crispatene (4) (see Table 1). Comparison 
of the NMR data of 2 with the data of the known crispatene (4) (see 
Tables 1 and la), lad to the conclusion that 1 possessed the sane bi- 
cyclic ring system and the a-methoxy-6 ,6 '-dimethyl-y-pyrone ring system 
as in crispatene (4) and that 2 and 4 differ only in the structure of 
the side chain at C-11. The structure of the side chain in 2 was con­
firmed by %  decoupling experiments. Irradiation of the doubly allylie 
methine proton signal at 3.52 ppm sharpened the terminal methylene pro­
ton signals at 5.72 (H-21', s) and 6.21 (H-21, s) and also sharpened the 
methyl signal at 1.58 ppm (Me-20, s). A mutual coupling (J < 1 Hz) was 
found between H-21 and H-21 ' signals which confirmed that H-21 and H- 
21’; were part of an exocyclic terminal methylene group. The chemical 
shifts of H-21 and H-21' required that the terminal methylene group must 
be the terminus of an a ,B-unsaturated carbonyl system. The methyl 
triplet signal at 1.15 ppm and the quartet signal at 2.80 were assigned 
to a terminal ethyl ketone moiety. The lack of coupling between H-7 and
1 9
20 Me-17
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Figure 9 . 300 MHz p r o t o n  NMR s p e c t r u m  of 7 in CDCl 3 *
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H-11 protons was attributed to the dihedral angle of near 90° between H- 
11 and H-7 as found in crispatene (^). This provided evidence that the 
stereochemistry about the bicyclic ring system is the same as for cris­
patene (4). A small W-coupling (J < 1 Hz) was found between H-7 and Me- 
18 which supported the assigned trans orientation between H-7 and Me- 
18. Therefore, the structure of % is completely elucidated.
Structure elucidation of Tridachlapyrone-F (g):
Fraction A22 of Scheme 1 was chromatographed on a short column of 
silica gel to give 5 fractions. The most polar fraction (fraction 5) 
was subjected to HPLC with silica gel to affort 5 fractions. The third 
of these fractions was purified by HPLC using a silica gel column and 
hexane-acetone (65:35) as eluent to produce 1.2 mg of tridachiapyrone-F 
(8 ) as a white powder. The molecular formula C,9H2gO- of S was obtained 
from the following spectral data: (a) the low resolution mass spectrum 
exhibited the molecular ion at m/z 372; (b) the ^H NMR spectrum (Figure 
1 0 ) displayed signals that accounted for 28 non-exchangeable protons 
including that for a methyl group deshielded by a single oxygen, (3.96 
ppm, OMe); (c) the IR spectrum showed a carbonyl band at 1725 cm"\ an 
a ,8 -unsaturated carbonyl band at 1690 cm”^, and two bands typical for a 
Y-pyrone at 1665 and 1595 cm“ ^. Comparison of the ^H NMR data of 8 with 
that of 3 (see Tables 1 and la) showed close similarities which led to 
the conclusion that compound § contained the a-methoxy-8 ,8 '-dimethyl-y- 
pyrone ring system which was connected to a bicyclic ring system as in 
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Figure 10 . 300 MHz proton NMR spectrum of 8 in CDCl^.
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chain at C-11 and in the configuration at C-10. The side chain struc­
ture in S was established by decoupling experiments and by the 
presence of the IR band at 1690 cm  ̂which confirmed the a,6 -unsaturated 
carbonyl group (C-13). Moreover, the UV band at 225 nm supported this 
assignment. The same side chain structure was assigned to § as was 
confirmed for %. The chemical shifts associated with the side chain 
for the two compounds were almost identical (see Table 1). The allylic 
methine proton signal at 2.80 ppm (H-11) was coupled (J = 8.2 Hz) to the 
methine proton signal at 2.50 ppm (H-10) which was in turn coupled (J = 
7.1 Hz) to the methyl doublet signal at 1.05 ppm (Me-20). The 8.2 Hz 
coupling between H-10 and H-11 suggested that these protons are cis. 
The absence of any coupling between H-7 and H-11 protons suggested a di­
hedral angle near 90° between these protons as found in crispatone (3). 
The stereochemistry about the bicyclic ring system (C-6 , C-7, and C-8 ) 
is assumed to be the same as in crispatone (3 ) because of the similar­
ities in the ^H NMR chemical shifts of H-7, Me-18, and Me-19 in 8 and in 
crispatone (3) (see Table 1).
Structure elucidation of Tridachiapyrone-A (g):
Silica gel chromatography by HPLC of the combined fractions of B5 
and B6 (see Scheme 1) yielded two fractions. The second of these frac­
tions was purified again by HPLC using a reverse-phase C^g column and 
MeOH-H2 0  (73:27) as a mobile phase to yield a pure tridachiapyrone-A 
(2), 1.5 mg, as a colorless oil. The molecular formula was
deduced from the following spectral data: (a) the low resolution mass
spectrum exhibited a molecular ion at m/z 398; (b) the "H NMR spectrum
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(see Figure 11) displayed signals for 34 non-exchangeable protons; (c) 
the C NMR spectra indicated the presence of 23 carbons including two 
carbonyl carbons, [181.1 ppm (C-3, s); 212.0 (0-15, s)], and one other 
sp^ carbon deshielded by two oxygen substituents, [161.9 ppm (C-l, s)]*. 
The C NMR spectra revealed the existence of 9 methyls, one sp methyl­
ene, 2 sp^ methines and 3 sp^ methines, and 8 quaternary carbons in 
addition to the two carbonyl carbons. The molecular formula of 9 cor­
relates to the molecular formula of the known 9,10-deoxytridachione (2) 
plus an extra "propionate" unit. The IR data of 2 indicated the pres­
ence of one CO band at 1715 cm~^ together with the y-pyrone bands at 
1660 and 1585 cm~^*. Comparison of the and ^^C NMR data (see Tables 
1, la, 2^and 2a) of 2 with that of 9,10-deoxytridachione (2) suggested 
that both possessed the same carbon framework except that 2 contained an 
additional propionate moiety which was connected to the side chain to 
form a 1,3-dimethyl-4-oxo-l-hexenyl moiety. The presence of the latter 
side chain structural feature in g was confirmed by decoupling expe­
riments. Irradiation of the multiplet at 2.34 ppm (H, H-16) collapsed 
the triplet at 0.98 (Me-17) to a singlet. This suggested that these 
protons (H-16) and (Me-17) could be assigned to a terminal ethyl ketone 
moiety. Furthermore, a small W-coupling (J < 1 Hz) was observed between 
(H-14) and (H-16). Thus, the C-14, C-15, and C-16 connections were con­
firmed. In the NMR spectrum (Figure 11) of 3, the methyl doublet 
signal at 0.98 ppm (Me-23) was coupled (J = 6 . 8  Hz) to the methine pro­
ton signal at 3.16 ppm (H-14), which was in turn coupled (J = 9.5 Hz) to
*assignment was made by analogy to crispatone (3).
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the vinylic proton signal at 4.96 ppm (H-13). The NMR data (C-l to 
C-5) (see Table 2a) and the NliR signals at 1.80 ppm (s, 3H), 2.08 (s, 
3H), and 3.97 (s, 3H) together with the IR bands at 1660 and 1590 cm“  ̂
suggested the presence of the a-methoxy-6 ,6 '-dimethyl-y-pyrone ring 
system*.
The cyclohexadiene ring structural feature in 3 was established by 
decoupling experiments. Irradiation of the doubly allylic methine 
proton signal at 2.78 ppm (H-11) sharpened the vinylic proton signal at 
5.69 (H-9) which was in turn coupled (J - 1.5 Hz) to the vinyl methyl 
signal at 1.69 ppm (Me-22). Moreover, a small W-coupling (J = 1 Hz) was
observed between H-11 and Me-22. The vinylic proton signal at 5.64 ppm
(H-7) was coupled (J = 1.5 Hz) to the vinylic methyl signal at 1.79 ppm
(Ms-21). Consequently, two double bonds were established. The UV band
at 253 nm (e = 12000) suggested a conjugated diene system for these two 
double bonds (see partial structure A).
HH
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Further evidence for this partial structure, is the similarity of the 
observed ^H NMR chemical shifts of H-7, H-9, H-11 in 3 and 2 and Me-21 
vs Me-19 and Me-22 vs Me-20 in 3 vs 2 (see Tables 1 and la). The methyl 
singlet signal at 1.42 ppm (Me-20) was assigned to a quaternary carbon 
(C-6) and C - 6  was linked to C-11 by analogy with the triachione struc­
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Figure 1 1 . 300 MHz proton NMR spectrum of 2 i" CDCl^.
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experiments supported this assignement: irradiation of Me-20 enhanced
both H-7 and H-11, This also provides evidence for the cis configura­
tion between Me-20 and H-11. Furthermore, data confirmed the
proposed structure for 2 (see Table 2a).
The E geometry of the double bond at C-12,13 was assigned because 
irradiation of Me-23 signal caused an Overhauser enhancement of the H-14 
signal and no enhancement was observed between Me-23 and H-13. The con­
figuration at C-11 was assumed to be the same as the one observed for ^
on the basis of the similarities of the ^H NMR chemical shifts for H-11 
in 2 and 2 (see Tables 1 and la). The configuration at C-14 was not 
determined.
Structure elucidation of Isotridachiapyrone-A (M) :
Silica gel chromatography using HPLC of the combined fractions B5 
and B6 of Scheme 1 produced two fractions. The first fraction was puri­
fied by reverse-phase HPLC to yield pure isotridachiapyrone-A (IQ), 1.1 
mg, as a colorless oil. The molecular formula was obtained
from the following considerations : (a) the low resolution mass spectrum
showed the molecular ion at m/z 398; (b) the ^H NMR spectrum (Figure 12) 
displayed signals that accounted for 34 non-exchangeable protons includ­
ing a methyl singlet signal deshielded by a single oxygen, [3.98 ppm 
(OMe)]; (c) the IR spectrum showed bands at 1715 cm~^ (CO), 1660, and 
1585 cm  ̂ (Y-pyrone group)*. Comparison of the ^H NMR spectrum of IQ 
with that of 2 (see Table la) showed close resemblance except for some 
minor differences associated with the side chain. Moreover, ^H NMR
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Figure 1 2. 300 MHs proton NMR spectrum of IQ in CDCl^ ,
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decoupling experiments established the connectivities in the side 
chain structure and confirmed the assignment of the %  signals due to 
the cyclcohexadiene ring system. This led to the conclusion that 2 and 
IQ are epimeric in respect to their configuration at C-14.
The E, geometry of the double band at C-12,13 was established by 
the observation of an NOE effect between Me-24 and H-14 and the lack of 
any NOE between Me-24 and H-13. The configuration at C-14 was not 
determined.
Structure elucidation of Tridachlapyrone-C (^} :
Fraction 06 of Scheme 1 was chromatographed by HPLC using a
reverse-phase C,g column and MeOH-H,0 (75:25) as eluent to yield 7
fractions. The fifth of these fractions contained 1.5 mg of tridachia- 
pyrone-C (11) as a colorless oil. The molecular formula C^gEg^Og was 
obtained from the following spectral data: (a) the low resolution mass 
spectrum showed a molecular ion at m/z 414; (b) the NMR spectrum 
(Figure 13) exhibited signals for 34 non-exchangeable protons including 
an epoxide proton signal, (3.0 ppm, H-9),* and a methyl signal de­
shielded by a single oxygen, (3.98 ppm, OMe)*; (c) the IR data showed 
absorptions at 1715 cm”  ̂ (CO), and 1655, 1585 cm~^ (y-pyrone)*. The ^H 
NMR signals at 1.85 ppm (Me-18, s), 2.02 (Me-19, s), and 3.98 (OMe, s) 
together with the IR bands at 1655 and 1585 cm“  ̂and the UV absorption 





The side chain structural feature in il was established by 
decoupling experiments. Irradiation of the multiplet signal at 2.46 ppm 
(H-16) changed the methyl triplet signal at 1,05 ppm (Me-17) into a 
singlet and also sharpened H-14 signal at 3.50 ppm. The mutual coupling 
between H-16 and Me-17 signals and the chemical shift of H-16 suggested 
a terminal ethyl ketone moiety in 11. Irradiation of the olefinic 
proton signal at 5.41 ppm (H-13) collapsed the multiplet signal at 3.50 
ppm (H-14) into a quartet and removed small allylic couplings (J = 1 Hz) 
from H-11 and He-23 signals. The H-14 signal was also coupled (J = 7 
Hz) to the methyl doublet signal at 1.20 ppm (Me-24). Thus, the 1,3- 




The allylic methlne proton signal at 3.40 ppm (H-11) was found to 
be coupled (J - 1 Hz) to the epoxide proton signal at 3.0 ppm (H-9) (W- 
coupling) and also coupled (J = 1 Hz) to the olefinic proton signals at 
3.41 ppm (H-13) and 5.50 (H-7). The epoxide proton resonating at 3.0 
ppm (H-9) was found to couple (J = 1 Hz): (a) to the olefinic proton
appearing at 5.50 ppm (H-7) (allylic coupling), to the vinylic methyl at 
1.95 ppm (Me-21), and to the allylic proton at 3.40 ppm (H-11) (W-cou- 
pling). Irradiation of the vinylic methyl signal at 1.95 ppm (Me-21) 
confirmed the presence of a long-range coupling between H-9 and Me-21 
signal and removed a small allylic coupling from H-7 signal. The methyl 
singlet signal at 1.32 ppm (Me-22) was connected to C-10 on the basis of 
the observation of an NOE effect between Me-22 and both H-9 and H-11. 
Therefore, partial structure B was extended into partial structure C.
The methyl group causing the singlet signal at 1.17 ppm (Me-20) was 
placed on a quaternary carbon (C-6 ) because of the absence of any coupl­
ing between the Me-20 signal and any other ^H signal, and also for bio- 
genetic reasons. C-11 was linked to C- 6  and C- 6  to C-7 on the basis of 
a long-range coupling observed between H-11 and H-7. Furthermore, the
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Figure 13. 300 MHz proton NMR spectrum of 11 in CDCl- .
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observation of an NOE effect between Me-20 and H-7 supported the C- 6  and 
C-7 connection. C-5 of partial structure A was connected to C- 6  by ap­
plying biogenetic rules.
Neither the stereochemistry of the epoxide group at C-9,10, nor the 
configuration at C - 6  was determined. However, the lack of an NOE effect 
between Me-20 and H-11 and the downfield shift which is observed for H- 
11 in 11 compared to that of tridachione (1) (see Tables 1 and la) 
suggested that Me-20 and H-11 are trans to each other, unlike the ob­
served configuration for tridachione (1). The geometry of the double 
bond at C-12,13 was established as E on the basis of the observation of 
an NOE effect between Me-23 and H-14 and the absence of any NOE between 
Me-23 and H-13. The configuration at C-14 in 11 was assumed to be the 
same as in crispatene (4) on the basis of the similarities of the NMk 
chemical shifts observed for the side chain in li and 4 (see Table la).
Structure elucidation of Tridachiapyrone-D (^) :
Fraction C6 of Scheme 1 was chromatographed by HPLC using a 
reverse-phase C^g column and MeOH-HgO (75:25) to give 7 fractions. 
Evaporation of the seventh fraction left 0.7 mg of pure tridachiapyrone- 
D (12) as a colorless oil. The molecular formula C2 ^Hg^0 g for 12 was 
established by the analysis of its high resolution mass spectrum (obs, 
430.2421; requires 430.2355). The IR spectrum of 12 showed a broad band 
(OH) at 3450 cm ^, a carbonyl band at 1712, and two bands for a y-pyrone 
at 1660 and 1585 cm~^. The ^H NMR spectrum (Figure 14) exhibited sig­
nals for 33 non-exchangeable protons and one exchangeable proton (OH). 
Comparison of the ^H NMR data of 12 with those of 11 led to the
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conclusion that ig and il had the same carbon skeleton, but that 1 2  had 
an additional hydroxyl group at C-13 and had a terminal methylene group 
joined to C-12 instead of a vinyl methyl (Me-23) at C-12. The side 
chain moiety in was established by decoupling and difference 
decoupling (CDS) experiments. Irradiation of the multiplet at 2.48 ppm 
(H-16) collapsed the triplet at 1.03 ppm (Me-17) into a singlet. Fur­
thermore, a small W-coupling (J < 1 Hz) was found between H-14 and H-16. 
Considerations of the chemical shift of H-16 together with the mutual 
coupling between H-16 and Me-17 led to the suggestion that Me-17 and H- 
16 were in a terminal ethyl ketone moiety. The methine proton signal at 
2.75 ppm (H-14) was coupled (J = 7 Hz) to the methyl doublet signal at 
1.13 ppm (Me-23) and to the one—proton doublet of quartets at 4.42 ppm 
(H-13) which was in turn coupled (J = 2.1 Hz) to the terminal methylene 
proton signals at 4.84 ppm (H-23') and 4.92 (H-23). Moreover, the H-13 
signal was found to have a 2.1 Hz W-coupling with H-11 (2.99 ppm). The 
allylic methine proton signal at 2.99 ppm (H-11) was established to be 
coupled (J = 2.1 Hz) to the terminal methylene proton signals at 4.92 
and 4.84 ppm. Furthermore, a W-coupling (J = 2.1 Hz) was confirmed 
between H-11 and the epoxide proton at 3.16 ppm (H-9). The epoxide 
proton signal was also coupled (J < 1 Hz) to the vinylic methyl signal 
at 1.53 ppm (Me-21) and to the vinylic proton signal at 5.47 ppm (H- 
7). From the above discussion, a partial structure A was formulated.
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Consideration of the chemical shift at H-13 (4.42 ppm) required 
that C-13 also bear a hydroxyl group. The remaining structural 
features in 1 2  were assumed to be similar to those of tridachione (1 ) on 
the basis of the similarities of the chemical shifts observed for 1 2  
and 1 (see Table 1),
The stereochemical features in 12 were established by NOE sacperi- 
ments. The Z configuration of the epoxide group at C-9,10 was confirmed 
by the Overhauser enhancement between Me-22 and H-9. The cis configura­
tion of Me-20 and H-11 was also established by an NOE experiment (irra­
diation of Me-20 enhanced H-11 and vice versa). The configuration at C- 
14 in 12 was assumed to be identical to that of 11 on the basis of the 
similarities of the ^H chemical shifts of Me-23, H-16, and Me-17 ob­
served in 12 and 11 (see Table la).
Structure eludication of Tridachiapyrone-G (13)-
Fraction C2 of Scheme 1 was chromatographed by HPLC using a 
reverse-phase C^g column and MeOH-HgO (7:3) as eluent to yield 9 frac­
tions. The eighth of these fractions was subjected to HPLC with a 
reverse-phase C^g column and Me0 H-H2 0 (8 :2 ) as a mobile phase to afford
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3 fractions. The second of these fractions contained 0.2 mg of tri-
dachiapyrone-G (^2) as a colorless oil. The molecular formula 
was obtained from the following spectral data: (a) the low resolution
mass spectrum exhibited a molecular ion at m/z 398; (b) the NMR spec­
trum (Figure 15) showed signals for 34 non-exchangeable protons includ­
ing a methyl signal deshielded by a single oxygen, [3.92 ppm (OMe)]; (c)
the IR spectrum displayed bands at 1715 cm“  ̂ (CO), 1660, and 1585 cm~^ 
(Y-pyrone group).* The %  NMR signals at 1.82 ppm (Me-18, s), 2.07 (Me- 
19, s) and 3.92 (CWe, s) together with the IR bands at 1660 and 1585 
cm~^ and UV absorption at 250 nm suggested the existence of the a-
methoxy-B,8 '-dimethyl-Y-pyrone* ring system (partial structure A).
OMe
The side chain structural feature in 12 was confirmed by 
decoupling experiments. Irradiation of the multiplet at 2.42 ppm (H-16) 
collapsed the methyl triplet at 1.03 ppm (Me-17) into a singlet and also 
sharpened H-14 signal (W-coupling). Considerations of the chemical 
shift of H-16 and the mutual coupling between H-16 and Me-17 suggested a 
terminal ethyl ketone group. The olefinic proton signal at 5.19 ppm (H- 
13) was found to be coupled (J - 1.1 Hz) to the vinylic methyl signal at
*assignment was made by analogy to other compounds in this series.
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1.65 ppm (Me-23) and also to the methine proton signal at 3.42 ppm CH­
IA) which was in turn coupled (J = 7 Hz) to the methyl doublet signal at 
1.12 ppm (Me-24). Thus, the 1,3-dimethyl-4-oxo-l-hexenyl partial 
structure B was constructed.
B
Two isolated double bonds were established in ^3. The downfield 
proton signal at 5.64 ppm (H-11) was coupled (J = 1 Hz) to the vinylic 
methyl signal at 1.65 ppm (Me-22) and also to the triply allylic proton 




Irradiation of the vinylic methyl signal at 1.77 ppm (Me-21) sharp­
ened the olefinic proton signal at 5.16 ppm (H-7) and also sharpened the 




Irradiation at the 3.22 ppm signal, H-9 of partial structure D, re­
moved small allylic coulings from the olefinic proton signals at 5.64 
ppm (H-11) and 5.19 (H-13) and also sharpened the signal at 1.65 ppm 
(Me-22 or Me-23) and 1.77 (Me-21). This established the C-9,12 connec­
tion and enlarged partial structure D into E.
— >
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The absence of any coupling between the Me-20 signal (1.31 ppm) and 
any other ^H signals suggested that Me-20 could be connected to a qua­
ternary carbon (C-6 ). This quaternary carbon (C-6 ) was also linked to 
C-7, C-11 and C-5 on the basis of biogenetic reasons. However, two 
other possible structures like F and G would satisfy the presented data. 
The observed UV band for 13 at 250 nm (e = 6000) was assigned to the Y-
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pyrone ring system as found in other compounds in this series. If, how­
ever, a structure like F is considered, the UV band at 250 nm should 
have an e= 12000 as found in compounds 2, 9, and IÛ. Therefore,
structure F was ruled out
The observed small coupling (J = 1 Hz) between the two signals at
3.22 ppm (H-9) and 3.64 could be due to either an allylic type coupling 
(proposed structure) between H-9 and H-11, or could be a vicinal type 
coupling between the signals at 3.22 ppm (H-9) and 5.64 (H-10 in struc­
ture G). However, if structure G is to be considered the dihedral angle 
between H-9 and H-10 (structure G) must be near 90° in one conformation 
and that must be the predominant conformation.
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Figure 15. 300 MHz proton NMR spectrum of 13 in CDCl^.
Summary
Two known compounds and nine new compounds have been isolated from 
Tvidaohia crispata. The known natural products, crispatone (3) and 
crispatene (4), have been isolated previously from Tvidaahia crispata, 
collected from the Caribbean.^
The epimeric metabolites 5 and | have new carbon skeletons. Compound 
2 possesses the same substituted ring system as crispatene (4), but % has 
one less propionate unit in the side chain. Compound g is structurally 
similar to %, but has a ketone in the 5-membered-ring rather than a double 
bond. The C-14 epimeric compounds 9 and 10 have the same substituted ring 
system as the known 9,1 0-deoxytridachione (2 ), but they bear an additional 
propionate unit at C-14. Compound 11 possesses the same substituted ring 
system as in the known tridachione (1 ), but has an extra propionate unit 
at C-14. Compound 12 is similar to the known tridachione (1), but in 12 
the side chain is longer by one propionate unit , there is a hydroxyl 
group at C-13, and there is a terminal methylene group at C-12,23. Com­
pound 13 is similar to 2 and 10, but the side chain is attached to C-9 
rather than C-11 and there is a 1,4-cyclohexadiene ring instead of the 












NMR spectra were recorded at 300 MHz and spectra at 75.4 MHz 
on a Varian XL-300 spectrometer; chemical shifts are reported in parts 
per million (6 ) downfield from internal tetramethylsilane. IR spectra 
were recorded on a Perkin-Elmer Model 298 spectrophotometer. UV spectra 
were measured with a Perkin-Elmer Lambda 3-spectrophotometer. Low reso­
lution mass spectra were recorded on a Hewlett-Packard 5985B mass spec­
trometer; high resolution mass spectra were taken on a CEC (DuPont, 
Monrovia, CÀ) 110 instrument. Tne chromatographic adsorbent used was 
Brinkmann silica gel 60(230-400 mesh). Thin layer chromatograms were 
run on precoated Macherey-Nagel polygram silica gel G/UV2 5 4  (0.25 mm) 
plates. A sulfuric acid-vanillin spray was used to visualize TLC
plates. Altex 9.6 mm X 25 cm preparative silica gel (5p particles,
LiChrosorb 60) and Adsorbosphere 9.6 mm X 25 cm reverse-phase Cĵ g (5p 
particles) columns were used for HPLC separations.
Extraction and Partition Procedure: Freshly thawed nudibranchs,
Tridaahia avispata (80 animals), collected and shipped frozen from
Discovery Bay, Jamaica, in May of 1979, were allowed to soak in acetone
(4000 mL) for 24 h. The acetone solution was concentrated and the con­
centrate diluted with H-20 and extracted with either (2 X 3000 mL). The 
ether-soluble portion (6.5 g) of the acetone extracts was chromato­
graphed extensively to yield 10 compounds (see Scheme 1).
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Isolation of Crispatone (j): The ether-soluble fraction (6.5 g) of
acetone extracts of homogenized Tridaohia aidapata (80 animals) was 
chromatographed on a column of silica gel [elution started with acetone- 
hexane (6:94)] and the amount of acetone was increased stepwise to yield 
24 fractions. The twenty-second of these fractions (70 mg) was rechro­
matographed on a short column of silica gel using hexane-acetone (6:4) 
as eluent and collecting 5 fractions. The most polar fraction (fraction 
5, 20 mg) was subjected to HPLC with a silica gel column and hexane- 
acetone (65:35) as eluent to afford 5 fractions. The second of these 
fractions was further purified by HPLC with a reverse-phase C^g column 
and Me0 H-H2 0  (75:25) to give 12 mg of pure crispatone (3) as a colorless
oil. Compound 3 has the following spectral data: IR (CHCLj) 2990,
2970, 2930, 2870, 1735, 1712, 1660, 1590, 1460, 1420, 1380, 1330, 1240, 
1160, 880 cm”-̂ ; for and ^^C NMR data see Tables la and 2a; low
resolution mass spectrum (70 eV) m/z (relative intensity) 414.2 (M^, 
(4), 348.9 (16), 289.1 (4), 277.1 (25), 249.1 (15), 233.1 (11), 203.1
(14), 194.0 (16), 189.1 (26), 159.1 (16), 155.0 (21), 149.0 (44), 125.1
(29), 115.1 (28), 111.1 (44), 109.1 (49), 97.2 (52), 91.1 (53), 83.1 
(89), 77.1 (40), 69.1 (85), 57.1 (100), 55.2 (58); HEMS, obs: 414.24325, 
C2 5 H2 4 O5  requries 414.2406.
Isolation of Crispatene (4): Fraction C3 (15 mg) (see Scheme 1)
was subjected to HPLC with a reverse-phase Cĵ g column and MeOH-H^O (8:2) 
as eluent to obtain 10 fractions. Evaporation of the tenth fraction 
left 6.2 mg of pure crispatene 4 as a colorless oil. Compound 4 
possesses the following spectral properties: IR (neat) 2970, 2930,
2870, 1715, 1660, 1615, 1590, 1460, 1405, 1340, 1255, 1170, 1110, 1050,
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990, 890 cm~^; for and NMR data see Tables la and 2a; low-
resolution mass spectrum (70 eV) m/z (relative intensity) 398.2 [M'*’,
(35)3, 383.3 (28), 342.2 (23). 341.2 (65), 313.1 (56), 281.1 (15), 273.1
(10), 253.2 (56), 237.1 (47), 225.2 (36), 182.1 (40), 159.1 (39), 145.0
(33), 133.0 (54), 129.0 (4), 125.1 (26), 119.1 (41), 115.1 (47), 105.1
(57), 91.1 (71), 85.1 (20), 83.1 (79), 57.1 (100).
Isolation of Trldachlapyrone-B (^) and Isotridachlapyrone-B (§) : 
Fraction C6 (35 mg) of Scheme 1 was chromatographed by HPLC with a 
reverse-phase C^g column and Me0 H-H2 0  (75:25) as eluent to give 7 frac­
tions. The third of these fractions was resolved by HPLC using a
reverse-phase C-18 column and Me0 H-H2 0  (42:58) as a mobile phase to af­
ford two pure compounds, 5 (1.5 mg) and 6  (1.8 mg), as colorless oils.
Compound 5 has the following snectral data: UV (MeOH) A 248 nm (s =— o . ' max
11900); IR (CHCLg) 3020, 2995, 2925, 2880, 1710, 1660, 1650, 1635, 1600, 
1590, 1450, 1400, 1370, 1310, 1250, 1160, 1025, 975, 880 cm"^; for 
and ^^C NMR data see Tables la and 2a; low resolution mass spectrum (70 
eV) m/z (relative intensity) 412.1 [M"̂ , (6)1, 356.1 (20), 355.2 (4),
327.1 (12), 253.1 (12), 241.1 (15), 214.1 (13), 213.1 (43), 183.1 (17),
182.1 (91), 155.0 (10), 153.1 (10), 142.0 (15), 128.2 (13), 115.2 (16),
105.1 (15), 91.1 (33), 83.1 (87), 57.1 (100). Compound 6  has the fol­
lowing spectral data: UV (MeOH) 248 nm (e = 11900) ; IR data are
identical to that of S (see above); for and ^^C NMR data see Tables 
la and 2a; low resolution mass spectrum is identical to that of 5 (see 
above).
Isoaltion of Tridachiapyxone-E (%): Fraction B17 of Scheme 1 was
chromatographed by reversed phase HPLC [elution with MeOH-HgO (7:3)] to
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yield 14 fractions. The fourteenth of these fractions contained trl- 
dachlapyrone-E (2), 0.8 mg as a colorless oil. Compound 2 has the 
following spectral data: UV (MeOH) 255, 223 (e = 5800, 7500); IR
(neat) 2980, 2950, 2860, 1690, 1660, 1585, 1460, 1415, 1380, 1330, 1260,
1160, 1170, 1040, 990, 870 cm~^; for NMR data see Table 1; low
resolution mass spectrum (70 eV) m/z (relative intensity) 356.2 [M.̂ ,
(17)], 341.2 (13), 299.2 (20), 267.1 (13), 239.2 (25), 213.1 (17), 185.1
(32), 182.1 (82), 157.0 (16), 153.1 (33), 141.0 (16), 129.0 (25), 119.2
(31), 115.1 (31), 105.1 (17), 97.1 (26), 91.1 (35), 83.1 (54), 81.1
(16), 77.0 (25), 69.1 (33), 65.1 (14), 57.1 (100).
Isolation of Tridachiapyrone-F (§); The twenty-second fraction (70 
mg) of Scheme 1 was chromatographed on a short column of silica gel 
[elution with hexane-acetone (6:4)] to give 5 fractions. The most polar 
fraction (fraction 5, 20 mg) was subjected to HPLC with a silica gel
column and hexane-acetone (65:35) as eluent to afford 5 fractions. The 
third of these fractions was purified by HPLC with a silica gel column 
and hexane-acetone (65:35) as a mobile phase to produce 1.2 mg of trl- 
dachlapyrone-F (S) as a white powder. Compound S has the following 
spectral data: UV (MeOH) X 255, 225 nm (e = 5800, 7400); IR (CHCL3 )
2960, 2850, 1725, 1690, 1665, 1595, 1450, 1390, 1370, 1325, 1220, 1050,
990, 920 cm” ;̂ for ^H NMR data see Table 1; low resolution mass spectrum 
(70 eV) m/z (relative intensity) 372.8 [M+, (35)], 357.7 (8 ), 315.7
(14), 297.5 (12), 283.5 (13), 269.4 (15), 255.6 (23), 241,5 (22), 227.5
(29), 220.4 (12), 201.4 (36), 189.3 (28), 182.3 (32), 173.3 (31), 171.4
(19), 161.3 (24), 159.3 (23), 155.3 (20), 153.3 (16), 134.2 (56), 133.2
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(36), 128.4 (31), 115.3 (45), 105.2 (44), 91.2 (100), 77.2 (41), 57.2 
(78).
Isolation of Trldachlapyrone—A  (g): The combined fractions B5 and
B6  ( 6  mg) from Scheme 1 were chromatographed by HPLC with a silica gel 
column and hexane-acetone (75:25) as eluent to produce 2 fractions. The 
second of these fractions was purified by HPLC using a reverse-phase C^g 
column and Me0 H-H2 0  (73:27) as a mobile phase to afford pure tridachia- 
pyrone-A (9), 1.5 mg, as a colorless oil. Compound 2 has the following 
spectral data: UV (MeOH) 253 nm (e = 11900); IR (CHCL3 ) 2990,
2930, 2860, 1715, 1660, 1600, 1585, 1460, 1410, 1375, 1315, 1250, 1165, 
1100, 990 cm“ ;̂ for and ^^C NMR data see Tables la and 2a; low 
resolution mass spectrum (70 eV) m/z (relative intensity) 398.2 [M’’’, 
(7)], 383.3 (21), 341.1 (15), 313.1 (41), 273.1 (3), 267.2 (6 ), 253.1
(18), 237.1 (17), 225.1 (14), 199.1 (14), 179.1 (22), 171.1 (18), 155.1
(26), 153.0 (11), 149.0 (28), 143.1 (22), 135.1 (12), 129.0 (40), 125.1
(17), 119.2 (22), 115.1 (41), 111.2 (26), 105.1 (35), 97.1 (28), 91.1
(48), 85.1 (31), 83.1 (84), 73.0 (42), 69.1 (44), 57.1 (100).
Isolation of Isotridachiapyrone-A (JQ): The combined fractions B5
and B6 of Scheme 1 were subjected to HPLC with silica gel and hexane- 
acetone (75:25) as eluent to give two fractions. The first fraction was 
purified by HPLC using a reverse-phase C^g column and Me0 H-H2 0  (75:25) 
as a mobile phase to afford pure isotridachiapyrone-A (IQ), 1.1 mg, as a 
colorless oil. Compound IQ has the following spectral properties: UV
(MeOH) X 255 nm (e = 11800); IR (neat) 2980, 2915, 2860, 1715, 1660, 
1600, 1585, 1460, 1405, 1325, 1310, 1250, 1160, 985 cm“ ;̂ for NMR
data see Table la; low resolution mass spectrum (70 eV) m/z (relative
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intensity) 398.2 [M+, (20)], 384.2 (52), 341.2 (35), 313.2 (100), 297.2 
(17), 281.2 (14), 273.1 (6 ), 259.1 (21), 253.2 (34), 237.2 (29), 225.1
(22), 209.1 (11), 197.1 (17), 179.1 (23), 155.1 (24), 153.0 (9), 129.0
(19), 115.1 (20), 105.1 (21), 91.1 (25), 83.1 (25), 57.1 (28).
Isolation of Trldachiapyrone-C (ü): Fraction C6 (35 mg) of Scheme
1 was chromatographed by HPLC using a reverse-phase Cĵ g column and MeOH- 
H2 O (75:25) as eluent to afford 7 fractions. The fifth of these frac­
tions contained 1.5 mg of tridachiapyrone-C (11) as a colorless oil. 
Compound has the following spectral properties: UV (MeOH) 254
nm (e = 5890); IR (neat) 2990, 2930, 2860, 1715, 1655, 1600, 1585, 1460,
1410, 1380, 1330, 1240, 1170, 980 cm"^; for ^H NMR data see Table la;
low resolution mass spectrum (12 eV) m/z (relative intensity) 414.1 [M'*', 
(3)], 399.2 (2), 357.3 (5), 329.2 (5). 289.2 (1), 273.1 (5), 246.2 (16),
245.2 (100), 233.1 (3), 227.3 (21), 199.2 (16), 170.1 (31), 155.0 (9), 
153.0 (5), 142.1 (8 ), 125.1 (22), 57.2 (10).
Isolation of TridachiapyroneH) (12): A 35 mg sample of fraction C6
(see Scheme 1) was chromatographed by HPLC using a reverse-phase C^g 
column and MeOH-HgO (75:25) to give 7 fractions. Evaporation fo the 
seventh fraction left 0.7 mg of pure tridachiapyrone-D (12) as a col­
orless oil. Compound 12 showed the following spectral properties: UV
(MeOH) X ^ ^  255 nm (e = 5900); IR (neat) 3450, 2980, 2860, 1712, 1660, 
1600, 1585, 1460, 1415, 1380, 1375, 1260, 1180, 1110, 980, 900, 885
cm~^; for %  NMR data see Table la; high-resolution mass spectrum, ob­
served m/z (composition, interpretation, calculated millimass) 430.24209 
^^25^34°6’ 430.2355), 412.2235 (CggHggOg, M^-H^O, 412.2250),
299.16785 (C^gH^gOg, M+-CgH^^Og, 299.16472), 153.05363 (CgHgOg, M+-
Ill
C 1 7 H2 5 O3 , 153.05517), 141.09030 (CgH^gOg, 141.09156),
123.07868 (CgHjj^O, M"^-Ci7H23°5)' 123.08099), 115.07465 (CgH^^02, M+-
C1 9 U2 3 O4 , 115.07591), 97.06567 (CgHgO, M'*'-CjgH2505, 97.06534), 85.06498 
(CgHgO, M+-C2 0 H 2 5 O5 , 85.06534).
Isolation of Tridachiapyrone-C (ig) : Fraction C2 of Scheme 1 was
chromatographed by HPLC using a reverse-phase C^g column and Me0 H-H2 0  
(7:3) as eluent to yield 9 fractions. The eighth of these fractions was 
subjected to HPLC with a reverse-phase C^g column and Me0 H-H2 0  (8:2) as 
a mobile phase to afford 3 fractions. The second of these fractions 
contained 0.2 mg of tridachiapyrone-G (13) as a colorless oil. Compound 
13 has the following spectral properties: UV (MeOH) 250 nm (e =
5900); IR (neat) 2985, 2910, 2845, 1715, 1660, 1600, 1585, 1455, 1400, 
1320, 1300, 1250, 1155, 985 cm~^; for 1ÎMR data see Table la; low
resolution mass spectrum (70 eV) m/z (relative intensity) 398.8 [M"̂ ,
(17)], 342.7 (20), 341.6 (79), 313.6 (29), 273.5 (7), 253.5 (47), 237.4 
(47), 225.4 (37), 197.4 (31), 193.3 (29), 182.3 (60), 165.3 (29), 159.3
(44), 155.3 (70), 153.3 (27), 149.2 (57), 145.2 (39), 143.3 (46), 132.2
(45), 129.2 (53), 128.3 (39), 125.3 (40), 121.3 (59), 119.3 (47), 115.2
(53), 107.3 (53), 97.3 (56), 91.2 (84), 85.2 (36) 83.2 (100), 69.2
(100), 57.2 (87).
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Chemical Investigation of the organic extracts of gorgonlans 
started In 1895, when Drechsel isolated dilodotyrosine from Gorgçrvia 
aavoVLini  ̂ This was followed by the isolation of dlbromotyrosine from 
the gorgonian, Frimnoa lepadifera , by Horner^ in the early 1900's.
By 1958, r e s e a r c h e r s ^ h a d  isolated antibiotic and toxic com­
pounds from non-sterol extracts from gorgonlans. Several review pap- 
ers^>8 >® have summarized the chemistry of metabolites obtained from 
Gorgonacea. The metabolites include sesquiterpenoids, diterpenoids, and 
prostaglandins. Among the numerous diterpenoid metabolites are a small 
group which may be classified as furanocembranoids. These modified cem- 
branoids and a few closely related derivatives are listed in Figure 1. 
These compounds are reviewed here because a new metabolite isolated from 
Leptogorgia setaaea in this work is a member of this furanocembranoid 
group.
The sea whip coral, Leptogorgia setaaea (pallas), is a marine 
invertebrate in the family Gorgoniidae. It is found in the Gulf of 
Mexico.^ This gorgonian attaches to shell fragments or other solid 
objects by a tuft of stolons. It is sometimes washed ashore in great 
tangled masses especially after a storm. Leptogorgia setaaea does not
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contain the symbiotic zooxanthellae found in many other reef coelen- 
terates (L.S. Ciereszko, personal communication).
Chemical investigation of Leptogorgia setaaea was initated in the 
late 1950's by Ciereszko who reported the isolation^ of a lactone 
compound. However, the structure was not elucidated. This chapter 
describes results of a reinvestigation of this problem in collaboration 
with Professor Ciereszko with the objective of purifying and determining 
the structure of this lactone.
SESULTS AND DISCUSSION 
Structure elucidation of 113,123-Kpoxypukalide (g):
Our investigation of the gorgonian Leptogorgia setaaea (pallas), 
the spaghetti of shrimp fishermen^ collected from Mustang Island, in the 
Gulf of Mexico led to the isolation of S. Leptogorgia is often washed 
up on the beach after storms blowing in from the south. The collected 
animals were dried in the sun. Drying was rapid as the animals are 
slender and are comprised largely of calcite spicules. The cortex of 
the dried, yellow Leptogorgia was stripped off and ground in a blender. 
The ground cortex was extracted in a large continuous extractor with 
redistilled n-pentane. The precipitate, obtained by allowing the 
extract to stand at room temperature for a week, was filtered off on a 
sintered glass funnel, washed with pentane and extracted with chloro­
form. Crystals formed readily when pentane was added to the chloroform 
solution. After standing overnight and washing with pentane, 6  mg of 
llg,1 2 g-epoxypukalide (fi) was obtained as white crystalline needles.
The structure of IIB,12g-epoxypukalide (8 ), was elucidated by 
spectral analysis. A molecular formula of established for
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S by high resolution mass spectrometry (see Experimental). The NMR 
spectrum of § (Figure 2) revealed the existence of 21 carbons in agree­
ment with this formula. This composition indicated 10 degrees of 
unsaturation in B. Infrared bands at 1710, 1070, and 1225 cm” ,̂ UV
absorbtion at 238 nm (e = 5424), NMR resonances at 164.03 ppm (C- 
18,s), and 51.39 (C-21,q), and a three-proton singlet in the NMR 
spectrum (all NMR data discussed below are in CDCLj) (Figure 3) at 
3.78 ppm (Me-21) established the presence of an a ,8 -unsaturated carbo- 
methoxy group. Consideration of the NMR absorptions at 160.04 ppm 
(C-3,s), 114.5 (C-4,s), 148.27 (0-6,s), and 107.55 (C-5,d) permitted the 
formulation of a furan function with a carbomethoxy group in a B posi­
tion by analogy with literature precedents. A resonance in the NMR 
spectrum at 6.48 ppm (K-3) could be assigned to a proton in the B ' posi­
tion on the furan ring which was also a ,= '-dialkylaced. This same
structural feature is present in p u k a l i d e . A n  IR band at 1782 cm~^
together with a NMR signal at 170.20 ppm (C-20,s) and a %  NMR
resonance at 4.73 ppm (H-10), were consistent with the presence of an
a,B-epoxy-y-lactone group as found in micromelin^^ and linderane.^^
Four of the heteroatom deshielded NMR signals at 62.57 ppm (C-12,s),
63.36 (C-11,d), 56.31 (C-8 ,s), and 55.63 (C-7,d) could be assigned to 
two trisubstituted e p o x i d e s , w i t h  corresponding NMR signals at 4.01 
ppm (H-11), and 4.05 (H-7).
Careful analysis of the NMR decoupling data in CDCLg and in C,D, 
(Tables 2 and 3), resulted in the construction of additional partial 
structures (Figure 4). Irradiation of the broad singlet at 6.48 ppm,
corresponding to the proton on partial structure A, resulted in a
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removal of small allyllc coupling (J - 1 Hz) from the broad singlet at
4.05 ppm due to H-7 of partial structure B and vice versa. Conse­
quently , C- 6  of partial structure A must be joined to C-7 of partial 
structure B (see Figure 4).
The connectivities between C-7, C-8 , and C-9 as shown in partial 
structure B were established from the results of irradiation of the 
methyl signal at 1.14 ppm (Me-19). This sharpened the signals at 2.04 
ppm (H-9') and 4.05 (H-7) and conversely, irradiation at 2.04 ppm and
4.05 sharpened the methyl signal at 1.14 ppm (Me-19). Thus, a W- 
coupling between Me-19 and both H-7 and H-9' was indicated. Carbon 9 
was linked to C-10 on the basis of mutual ^H coupling (see Tables 2 and
3 and Figure 4). Thus, the C-7,8 ,9 and 10 connectivity in partial
structure 3 was completely established.
A strong IR band at 890 cm”  ̂ considered together with a NMR
signal at 113.45 ppm (C-16,t), suggested a terminal methylene group. A 
3-proton broad signal at 1.75 ppm (Me-17) was found to be coupled (J =
1.9 Hz) to two terminal methylene proton signals at 5.11 ppm (H-16') and 
4.91 (H-16). Thus, the presence of an isopropenyl group, partial struc­
ture C, (Figure 4) in 8  was postulated.
Partial structure D was formulated from the following data: The
chemical shift of the methine singlet at 4.01 ppm (H-11) suggested an 
oxygen substituent. Since this signal was a slightly broadened singlet, 
it was assumed that C-11 was flanked by a non-protonated carbon (C-12). 
A very slight coupling (J = 1 Hz) was found between H-11 and H-13 which 
was attributed to W-coupling across a quarternary carbon, as shown on 
partial structure D. The connectivity sequence C-13, C-14, C-1, and C-2
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in partial structure D followed from vicinal proton couplings, see 
Figure 4, all of which were detected but some of which were not resolved 
into first order patterns. A small ally lie coupling (J < 1 Hz) was 
found between H-1 and H-16 of partial structure C. This proved that the 
isopropenyl group is tied to structure D at C-1 (see Figure 4). Since 
the chemical shifts of the signals (^H NMR spectrum in CDCL^) at 3.05 
ppm (H-2) and 2.95 (H-2') were close, the results of decoupling expe­
riments in CDCLj at H-2 and H-2' were not definite. For this reason, ^H 
decoupling experiments were also performed in (see the chemical
shift difference between H-2 and H-2' in the %  NMR spectrum of 8  in 
C^D^, Figure 5). The results of these experiments are shown in Table
3. The carbon bearing the allylic proton signals at 3.06 ppm (H-2) and 
2.95 (H-2') was bonded to partial structure A at C-3. This was proved 
by NOE experiments which showed that H-2, H-2' proton signals were en­
hanced by irradiation of the methoxy signal, H-21 (see Table 4). A very 
small coupling (J < 1 Hz) was found between H-10 and H-11. The small 
value of this vicinal coupling was attributed to the dihedral angle 
between H-10 and H-11 being near 90° and provided evidence for joining 
these carbons. A very similar situation is found for lophotoxin^^ where 
the coupling between H-10 and H-11 is also very small. Accordingly, C- 
10 and C-11 are bonded.
On the basis of the above evidence, partial structures A to D could 
be linked together to give partial structure F (see Figure 4), In par­
tial structure F, six unsaturation sites were accounted for. The two 
epoxides, the lactone carbonyl carbon, and two bonds to C-12 were not 
accounted for yet. The two epoxides could be assigned to carbons 7,8
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and 11,12. The carbonyl carbon could be connected to C-12 and to the 
oxygen at C-10 to form a Y-lactone. This assignment Is consistent with 
the blogenetic considerations and with the observed chemical shift of H-
10. Therefore, this accounted for all ten degrees of unsaturation In S. 
The a ,8 -epoxy-y-lactone^^’ feature was In full agreement with the 
spectral data of S. This same functional group has been found In sev­
eral natural products. Including 3,10 lophotoxln,H mlcromelln,1^ and 
llnderane.l^
The proposed structure of 8  received support from nuclear
Overhauser enhancement difference spectroscopy (NOEDS) experiments (see 
Table 4). Since Irradiation of the Me-19 protons enhanced the signals 
of both H-5 and H-11, all three of these groups must be generally di­
rected towards one face of the carbocyclic ring. Accordingly, the
orientation of the epoxide groups were assigned as 8 , like in lopho-
toxln.ll The trans configuration of the 7,8 epoxide was established by
confirmation of an NOE between H-7 and H-9 ' and the lack of NOE between 
H-7 and Me-19. The trans assignment between H-10 and H-11 was supported 
by recent NMR data for some synthetic a,y-dlalkylated a,8 -epoxy-Y- 
lactones which showed less than 1 Hz couplings in the trans arrangement 
of the 8 -epoxy and Y-lactone methine protons, and 2-3 Hz coupling in the 
els arrangement.^® The relative stereochemistry at C-1 Is assigned as 
the one observed for pukalide^^ and lophotoxln,^^ since the chemical 
shifts of H-1 and C-1 in p u k a l i d e a n d  in 8  were very close.
The high resolution mass spectrum of 8  Is fully consistent with the 
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Figure 3 . 300 MHz H NMR spectrum of 8 In CDCl,
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Figure 5» 300 MHz H NMR spectrum of in 0/D/
Table 1. NMR Data of IIB,126-epoxypukalide (8)
C// 13 C-"-
1 H chem shift‘ ,ppm, 
nul.tipllcity (J, Ha)
 ̂H chem shift^, ppm, 
multiplicity (J, Hz)
1 1 0 . 6 8  d 3 . 1 7 dddd (11.5, 9.5, 5.1, 2.2). 3 . 6 5 ddt (11.9, 1 0 . 5 ,  3.1)
3 2 . 1 3  t
3 . 0 6 dd ( 1 8 . 1 ,  9 . 5 ) . 3 . ( ) 9 dd (18.3, 11.9).
2 . 9 5 dd (18.1, 5 . 1 ) . 2 . 9 0 dd ( 1 8 . 3 ,  3 . 1 ) .
3 160.01 s
1 111.50 s
5 1 0 7 . 5 5  s 6.18 br 8. 6 . 5 6 br 8.
6 1 1 8 . 2 7  3
7 5 5 . 6 3  d 1 . 0 5 br 8. 3 . 9 5 br s.
8 5 6 . 3 1  8
3 9 . 2 7  t 2 . 1 8
dd ( 1 5 . 3 .  2 . 9 ) . 1 .51 dd ( 1 6 . 5 ,  3.5).9 2 . 0 1 br d d  ( 1 5 . 3 ,  1 . 3 ) . 1 .11 dd ( 1 6 . 5 ,  1 ) .
10 7 6 . 8 1  d 1 . 7 3 dd ( 1 . 3 ,  2 . 9 ) . 3 . 9 5 dd ( 1 ,  3 . 1 ) .
11 6 3 . 3 6  d 1.01 s. 3 . 0 3 s.
12 6 2 . 5 7  B
13 2 6 . 7 1  t 2 . 5 6  1 . 1 2
br
m.




( 1 6 ,  1 0 . 3 ,  2 . 2 ) .  
( 1 6 ,  8 . 2 ,  2 ) .






1 . 2 1
m.
m.
1 5 1 1 5 . 1 0  s
d (1.9). 
q ( 1  . 9 ) .
d ( 1 . 8 ) .  
q ( 1 . 8 ) .16 1 1 3 . 5 1  t
5.11
1 . 9 1
br
br
5 . 2 8  
1 . 9 2
br
br
17 1 8 . 9 0  q 1 . 7 5 br s. 1 . 5 8 br S.
1 8 1 6 1 . 0 3  8
19 2 0 . 3 0  q 1.11 s. 0.71 s.
20 1 7 1 . 2 0  8
21 5 1 . 3 9  q 3 . 7 8 G B 3 . 3 9 s.
The '^C NMR Multiplicities were obtained byspectrum was recorded in CDCl, at 75.10 MHz.
DEPT and assignments were made by comparison to models.. The g  values are given in ppm down- 
field from TMS. a) The H NMR spectrum was recorded.^ in CDClg at 300 MHz. Assignments were 
established by spin-decoupling experiments, b) Tlio H NMR spectrum was recorded in at
300 MHz and assignments were established by spin-decoupling experiments.
Table 2. Results of decoupling with 11[1, l^b-hpoxypukailde (8)
Irradiated proton, chemical 
ahift , ppm, multiplicity (J, llz)
II - 5, 6. /, 8 br n 
H-U,, 5.11 hr d (1.9)
H-16', /..9/, br q (1.9)
H-10, /..73 dd (/..3, 2.9)
H-7, /,.05 br n 
H-11 , /..01 a
H-1, 3./,7 dddd (11.5, 9.5, 5.1, 2.2)
H-13, 2.56 br dd (15.2, 11.5)
.H-9, 2.48 dd (15.3, 2.9)
H-9'. 2.04 br dd (15.3, 4.3)
Hc-17, 1.75 br a 
H -1 4 , 4 H —14', 1.60-1,7/, m
H-13', 1.42 m 
Me-19, 1.14 a
■7, .16 
) - 1 7  
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(iffuct of H dccouplinR
03 lir r? — > nharpened
/». 9 b r t] (1.9) ' q (1.9)
1.73 br n — > nharpenod
/// ddfl'l (11.3. 9.5, 5.1» 2.2) — ^ nharpened 
.11 br d (1.9) — ^ nhnrpend
1.73 br G — ^ nharpened
(Id (15.3, 2 ^ )  d (15.3)
.0/, br dd (15.3, W )  — > br d (15.3)
,01 f; — > nharpened
/*n br r; — > o
1 ,1/» n -— > nharpened
.73 dd (a .3, 2.9) — > sharpened
.3b lir dd (15.2, 11.5) — ♦ sharpened
Ob dd (10./,, 2^i) — > d (18./,)
.93 dd (18./,, _ ^ )  — » d (18./,)
.11 br d (1.9) — ► sharpened 
11-1/, », l»b0-1,7/, m ——^ a 
.01 r, — > .sharpened
\ . 1,2  III — ^  a
11-1/, », 1.60 — 1.V/, tn ^ a
.0/. br dd (15.3. /..3) — > br d (4.3)
.73 dd (4.3, Zi_2) d 4.3)
40 dd ( 1 U ,  2.9) — > d (2.9)
.73 -10 74.3, 2.9) — » d (2.9)
1.14 a — > aharpened
.' I br 0 (1.9) — > d (1.9)
4.94 br -I (1.9) — » d (1.9)
47 0000 (11.5, 9.5, 5.1, 2.2) ---> a
, 1 . 4 2  111 — a
2.56 br ,10 (15.2, 11.5) — > br d (15.2)
2.56 br 0,1 (15.2. 11.5) — > hr d (11.5)
4 H- I /i ' , 1.60-1.7/, m , a
2.04 br ,10 (15.3, 4.3) — >  dd (15.3, 4.3)




1H decoupling experiments were performed in CDCl at 300 MHz with TMS as internal
standard. The values are given in ppm dowuflcld from TMS. Change in multiplicity.
Table 3. Results of decoupling with 1 l(î, 12ti-e])oxypukalide (8)
Trrndintod proton, chemical 
shift , ppm, multiplicity (J, lie) 
IÎ-5, br 0.
H-16, 5.28 hr d (1.8).
H-16', /,.92 br q (1.8),
H-7, 3.95 br a.
H-10, 3.95 dd (/,, 3.5),
H-1 , 3.65 ddt (11.9, 10.5, 3./.).
H-2, 3.09 dd (18.3, 11.9).
H-2', 2.90 dd (18.3, 3./.), 
H-11, 3.03 a.
H-13, 2.59 ddd (16, 10.3, 2.2)
Me-17, 1.58 br a.
H-1/,, 1.31 m.
H-13' , 1 . '1 ddd (16, 8.2, 2). 
Me-19, 0.71 a.
H-7, 3. 




































of'l'oct of ^H decouplInR
95 hr a — > aharpened.
/, . 92 b r  q ( 1 , 8 )  — > q ( 1 . 8 ) .
1.58 1,1- a — > nhnrponed.
65 dd t (11.9, 10.5, 3./.) — ^ sharpened. 
.28 hr d (1.8) — ^ aharpened.
1.58 hr a — ^ sharpened.
56 hr a — > a.
0.71 a — > aharpened.
51 dd (16.5, > d (16.5).
./,/. dd (16.5, Xi3.) — V d (16.5).
.28 hr d (1.8) — >  aharpened.
09 dd (18.3, 11.9) — > d (18.3).
.90 dd (18.3, — » d (18.3).
. 3 1  ni — V  a .
1 .2/, 11 —  3 a .
.59 ddd (16, 10.3, 2.2)
.'10 dd (1!%3, 3./) — ^ d 
65 ddt. (11.9. 10.5, 3./.)
09 dd (1il,J, 11.9) — 3 d 
65 ddt (Tl .9, 10.5, U l )
59 ddd (16,10.3, 2.2) - 
03 n — V v^hnrpennd.
1.11 ddd (16, 8.2, 2) —
.31 m — V a.
1 « ̂ II  ̂fi •
65 ddt (11.9, 10.5, 3./,) —
.28 hr d (1.8) — » d f1.8).
/. .'12 hr q (1.8) — > d (1.8)
65 ddt (11.9, 10.5, 3./.) —
.59 'hid (16, 10.3, 2.2) — V
1.11 ' I 'M  (16, 8.2, 2) —
.59 ddd (16, 10.3, 2.2)
. 3 1 lit '— 3 a .
95 In -  a — V aharpened.
51 'hi (16.5, /,) — ^ she rpennd
-3 aharpened.
O./,).
— 3 dt (10.5, 3./.).
(11.9).
— 3 ddd (11.9, 10.5, 3.6).
^ sharpened, 
h dd (8 .2 , 2 ).
lharpennd.
3 hr d (16). 
hr d (16).
3 dd (10.3, 2.2).
'̂  H decoupling experiments were performed in at 300 MHz with Me^Si as internal
standard. The values are given in ppm downfield from TMS. Change in multiplicity.
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Table 4. Results of NOEDS experiments with llS,12g-epoxypukalide 
(§) in CDCl^sointion at 300 MHz with TMS as internal standard.
Irradiated proton, chem shift , ppm proton (s) enhanced
H-5, 6 a S  H-7, i.05
H-7, ^.05 H-5, 6.48
H-9', 2.04
H-10, 4.73 H-11, 4.01
H-9, 2.48
H-11, 4.01 H-10, 4.73
H-19, 1 .14
Me-21, 3.78 H-2, 3.06
H-2', 2.95
H-9', 2.04 H-9, 2.48
H-7, 4.05 
H-10, 4.73
Me-17, 1.75 K-2, 3.06
H-2', 2.95 
H-16', 4.94









Scheme 1. Possible Mass Spectral Fragmentation Pathways for 8
Exoerlmental
Collection and Isolation. Levtogorgia setaaea was collected in the 
surf near the Jetty on Mustang Island near Port Aransas. Texas, as it 
was being washed un onto the beach following a storm. The animals were 
freed of adhering debris, washed in sea water, drained and spread out on
a clean concrete walkway to dry in the sun. Drying was rapid as the
animals are very slender and are comprised largely of calcite spicules.
The cortex of the dried, yellow Leatocopgza was stripped off and 
ground in a blender. The ground cortex was e:<tracted in a large contin­
uous extractor with redistilled n-pentane. The precipitate, obtained by 
allowing the extract to stand at room temperature for a week, was fil­
tered off on a sintered glass funnel, washed with pentane and extracted 
with chloroform. Crystals formed readily when pentane was added to the 
chloroform solution. After standing overnight and washing with pentane. 
6  mg of white crystalline needles* were obtained from 920 g of gorgonian 
cortex. IIB.1 2 d-epoxvpukalide 8  has the following spectral properties: 
[a]p^ -5.33 (c .6 . MeOH) ; UV (EtOH) 238 nm (e = 5424); IR (CHCL3 )
3090. 3030. 2950. 2860. 1782. 1708. 1640. 1575. 1440. 1380. 1350. 1285.
1255. 1210. 1070. 900. 890. 860. 820 cm“ ;̂ for MMR and SMS see
*Onlv 6 mg of pure 1 were isolated. Unfortunately, no mp is available 
because it was not taken at the outset and after prolonged exposure to 
solvents for spectral measurements. the sample had decomposed.
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Table 1; high-resolution mass spectrum, observed m/z (composition, in­
terpretation, calculated millimass) 388.15316 388.15221),
373.12938 (C2 0 H2 1 O 7 . 373.12873), 356.12796 (CgoHggO^, M+-MeOH,
356.12599), 328.13280 (C^gH20°5' M^-MeOH-CO, 328.13108), 313.11019
(^18^17°5' H+-MeOH-CO-Me, 313.10760), 208.07579 (CnH^2®4’ ^"'^10^12°3> 
208.07356), 168.04149 (CgHgO^, M^-C^gHj^Og, 168.04226), 167.07055
(C9 H 1 1 O3 , M+-C^2‘̂ 13°4> 167.07082), 167.03361 (CgHyO^, ,
167.03444).
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